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ABSTRACT 
HEALTH AND SOCIO-ECONOMIC STATUS IN EARLY MEDIEVAL WALES 
Health indicators were examined in a sample of 801 4th to 12th century human skeletons 
from Llandough, South Glamorgan in an attempt to evaluate socio-economic status in 
early medieval Wales. Literature review considered current macroscopic and 
radiological techniques, and a range of indicators were selected for investigation 
broadly categorised as palaeodemographic, and nutritional, activity, and trauma related 
conditions. 
The data were analysed by age, sex, and burial location, and compared with data 
collected from four contemporary British sites selected to provide a context against 
which health status at Llandough could be assessed. The findings were interpreted 
against the historical/archaeological background which indicated that Llandough was a 
place of socio-economic importance. 
Mortality peaked in infancy, childhood, at >25-35 and in maturity. Infants were under- 
represented and there were more males than females. Morbidity levels indicated that the 
population experienced intermittent periods of poor health rather than chronic 
physiological disturbance. Males were predisposed to a more varied workload and more 
infection than females and may have been drawn from a wider population. Fracture 
patterns typified a rural population and little interpersonal violence was suggested. 
Differences in the distribution of indicators between two broadly defined burial 
locations showed that those associated with an early monastic community experienced 
lower levels of morbidity/mortality compared with those associated with a later lay 
population. 
These results appear to reflect a population in which linear status did not significantly 
affect life -style, but age, gender and inherited 'status did. The earlier community also 
appeared to have enjoyed adequate living conditions which became less favourable over 
time. This confirms previous suggestions that social stratification was conceptual rather 
than real and that socio-economic organisation became more diverse with time. 
Limitations of the data are discussed and further work is proposed. 
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1.1 Background to the Study 
This study attempts to evaluate socio-economic status in early medieval Wales through 
the examination of biological markers in the 4th to 12th century skeletal population from 
Llandough. Recent archaeological exploration and historical analyses have stimulated 
renewed interest in early medieval Wales and these have afforded fresh insights into 
several aspects of society and economy (Edwards and Lane; 1992a; Lucy and Reynolds, 
2002; Petts, 2002). Yet, so far, there has been no opportunity to explore how this might 
be manifested in the demographic and palaeopathological profiles of the populations 
themselves. 
Llandough represents the largest skeletal collection ever recovered from Wales to date, 
and the largest early medieval assemblage from Britain. The collection therefore 
presents the unique opportunity to explore the demographic and palaeopathological 
attributes of the early medieval Welsh and to compare these with contemporary 
assemblages from the rest of Britain and Ireland. This work- forms part of a wider 
anthropological and palaeopathological study that was undertaken to fully examine and 
document the collection following its excavation by Cotswold Archaeological Trust in 
1994. 
1.2 Definition of Status 
Status derives from the Latin for `standing'. It relates to one's position in society and 
the obligations and rights that are related to that position (Turner, 1988: 2). It may be 
ascribed at birth, or it may be achieved through life (Parker Pearson, 1999). It may also 
be consciously chosen (see Section 1.5) and can be horizontal, or vertical (McHugh, 
1999). Status can also be considered from a subjective perspective (e. g. how an 
individual perceives prestige), or an objective perspective (e. g. the socio-legal 
entitlements of an individual) (Turner, 1988: 5). 
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In this study status is considered to be a complicated matrix of socially defined 
attributes such as those of age, gender, ethnicity, politics, religion, power and culture, 
(Abercrombie et al., 2000). Further, social status and economic status are intricately 
linked. Thus Bourdieu (1986) considers -social status to have three dimensions: 1) 
political, kinship and gender entitlements, 2) lifestyle and 3) economic class. 
Additionally, economic status is defined by economic inequalities in society in terms of 
production, ownership, and consumption (Turner, 1988: 12). 
In the present study `high' status is used to refer to individuals who were well 
nourished, enjoyed good sanitation, had access to medical treatment, and whose 
physical workload experience was not excessive. Conversely, `low' status refers to 
individuals who had inadequate nutrition, lived in poorly sanitised environments with a 
poor water supply and poor health care, and experienced an excessive physical 
workload, often under hazardous conditions. 
1.3 Status and Health 
It has long been recognised that health is a very relevant indicator of status and it is a 
popular technique for measuring disparities between different social and economic 
groups in modem populations. For example, health is one of fifty indicators of poverty 
and social exclusion that are monitored on an annual basis in the U. K. by the Joseph 
Rowntree Foundation and the New Policy Institute (Giddens, 2001: 314). This 
recognition derives from the Black Report and the Health Divide which were based on 
nation-wide surveys carried out in Britain during the eighties (ibid. ). 
Studies such as these indicate that that individuals from a low socio-economic 
background are more likely to experience a greater burden of disease, increased 
mortality, poor nutrition, inferior medical treatment, poor sanitation and hygiene, have 
more dangerous occupations and less leisure time. For example, in a recent survey of 
health in English cities, Shaw et al. (2000), observed that families living on a low 
income experienced the worst living conditions, were more likely to die at a young age, 
experienced high infant mortality, and suffered from more acute illnesses. 
Similar studies of health and socio-economic status in archaeological populations are a 
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relatively under explored area. Yet, if distinctions between health and status can be 
made in the modem world, it may be argued that this can also be done with 
archaeological populations through the examination of skeletal health. 
1.4 Status and Skeletal Health 
`Skeletal health' refers to resorptive and proliferative changes in bone and abnormal 
changes in the size and shape of bone which may occur in any combination and may 
involve any part of the skeletal anatomy in response to environmental stimuli (Ortner, 
2003). There is a growing conviction among some palaeopathologists and 
anthropologists that studying skeletal health offers enormous potential for investigations 
of social status: 
`Palaeopathology is a primary method for the study of [..... ] socio-economic 
organisation [..... ]. Palaeopathology can define the health and dietary correlates of 
socio-political structures and can lead to a better understanding of the processes of 
social differentiation...... without information about health, archaeologists might detect 
a system of differential ranking, but they would be unable to say much about the nature 
of the ranking because, without palaeobiological information from the skeletons, there 
would be no information on differences in health or diet or age and sex between and 
within social units. ' 
(Roosevelt, 1984: 579) 
This optimism is reflected in a range of studies that have examined different aspects of 
status (such as race, diet, subsistence, and occupation) from most periods. For example, 
a series of studies was carried out in the 1980s on late historic slave populations to 
explore the impact that the conditions to which they were subjected had on their health, 
and age and sex profiles (Angel et al., 1987; Hutchinson, 1987; Kelley and Angel, 
1987; and Owsley et al., 1987). Skeletal indicators have also been examined to explore 
economic transitions in prehistoric populations (Cohen, 1989; Cohen and Armelagos, 
1984; Lillie, 1997; Pietrusewsky and Douglas, 2002), differential access to diet among 
different 2°d to 50' century social groups in Equador (Ubelaker et al., 1995), variations in 
palaeodemography and health in relation to social structure in classical antiquity 
(Morris, 1992), and social organisation and social change in the Middle Bronze age 
(Mays, 1987). 
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These studies produced mixed results. Ubelaker et al. (1995) found no difference in the 
intake of animal protein between elite and non-elite skeletons from Equador. 
Hutchinson's desk-top comparison of the demographic profiles of Mulatto and black 
slaves indicated that age at death was associated with the working environment, in 
particular, differential access to food, differences in task allocation and variation in 
disease susceptibility (1987: 231). Angel et al. (1987) found that in terms of stature, 
dental conditions, and other anthropometric indicators, the health status of 20th century 
free blacks was better than that of late 18`h, early 19`x' century Catoctin Furnace 
Maryland slaves. Mays (1987: 250) observed no marked difference in dental conditions 
and strontium levels in different status groups in the Hainburg population, but did 
observe differences in the Pitten sample. However, reservations about this result were 
expressed (idid. ). Cook (1981), examined enamel defects in skeletons from the 
prehistoric Pete Klunk mound, Illinois and found that status had a significant impact on 
these. 
The small sample sizes and the limited range of indicators that these studies explore 
makes it difficult to judge whether skeletal indicators are a useful tool for investigating 
status or not. Further, in most cases, status is not directly explored but is incidental to 
more specific questions about palaeopathology and anthropology. 
Powell's research (1988) represents perhaps the first study to present a more detailed 
analysis of status. Based on the prehistoric ranked community that is associated with the 
Mounville chiefdom, Alabama, Powell examined a broad range of indicators including, 
adult body size, infection, porotic hyperostosis, dental conditions, and trauma. Powell 
examined these alongside the social background of the population and compared the 
results with four other contemporary ranked Mississippian populations. No marked 
difference between elite and non-elite individuals in all communities was found. She 
concluded: 
`Whatever benefits in spiritual elevation and social prestige may have been bestowed by 
exalted ranked status in that community, the unexalted also thrived and enjoyed life 
beside the banks of the Black Warrior River. ' 
(Powell, 1988: 197) 
Powell's study approached health and status by combining indicators of biological 
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status with those of social status as reflected in different types of mortuary treatment. 
This approach was recently employed by Robb et al. (2001) when they investigated 
status in 7"' to 3rd century skeletons from Pontecagnano, Salerno, Italy. Robb et al. 
explored biological markers (including, enamel hypoplasia, cribra orbitalia, final 
achieved height, trauma, Schmorl's nodes, and tibial periostitis) between elite and non- 
elite burials, as indicated by grave goods. No statistically significant association 
between grave goods and enamel hypoplasia, cribra orbitalia, and adult stature was 
identified. However, a significant association between trauma (including tibial 
periostitis), Schmorl's nodes, and grave goods was identified. Here, an inverse 
correlation between trauma, Schmorl's nodes and grave goods was more apparent than 
any accumulative correlation (ibid. ). 
When males were ranked according to grave goods and then according to skeletal 
indicators to examine relationships more closely, biological stress and stature 
(indicators that reflect childhood conditions), did not show any significant trends. 
However, burials without any grave goods showed a significantly high prevalence of 
periösitis, trauma, and Schmorl's nodes. In contrast, the prevalence-of these conditions 
in males buried with weapons was the lowest of all males ranked by . their grave goods. 
Periostitis, Schmorl's nodes and trauma are all conditions that are acquired during the 
teenage years and adulthood and these trends could define the living conditions of two 
socially distinct groups (ibid. ). 
The sample size used in this study was small (N=94), maybe too small to gain a good 
impression of the relationship between status and health. This is reflected in Robb et 
al's conclusion which is largely non-committal about whether skeletal health is 
sensitive enough to reflect differences in status. They raise the important point that 
status differences in life . may 
have existed but these may not have impacted 
differentially because the health experience of the population was the same. For 
example, the wealthy may have had a more luxurious diet, but the diet of the `poor' may 
have been satisfactory; the wealthy may have taken part in similar activities to the poor, 
but less frequently. 
Robb et al. and Powells' work represent the few studies to date that have explored 
socio-economic status at a population level, and in some detail. However, these studies 
are limited by the necessary assumption that grave goods reflect status. Although this 
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might be the case, it is argued that the relationship is much more complex. This is 
because status in life can be different to status in death, and both of these can be 
influenced by many variables such as relationships between people, religion, the 
political circumstances of those carrying out the burial, and so on (Brown, 1995; see 
Section 1.5). Differential preservation can also mean that grave goods are not accurately 
represented in the archaeological record; metal objects survive better than organic 
remains which may be associated with an individual's status (McHugh, 1999). In order 
to address such problems Robb et al. (2001: 214) urge a more contextualised approach 
suggesting that skeletal biology can help do this `..... by showing the extent to which 
differences in funerary treatment may correlate with actual life conditions. ' 
This sentiment is reflected in the work of Littleton.. (1998) who adopted an oblique 
approach to examining status. She did not use grave goods or other forms of mortuary 
data but examined health indicators against a broader cultural and environmental 
background. In this work Littleton examined health indicators in two 2°d century BC to 
3rd century AD skeletal populations from the Arabian Gulf island of Bahrain to explore 
the composition of these agricultural societies rather than their stratification. Littleton 
found that overall, biological indicators, reflected - patterns that were `.... typical for 
intensive agriculturalists in malarial areas' (1998: 123). Importantly she suggested that 
this pattern was specific to the economic structure of the populations. Not only do 
different economies mean. different causes of death, and different resource availability, 
but they also mean different choices regarding migration, and fertility (1998: 123). 
Although a range of different populations has been examined to explore status, or 
related aspects of status, there are currently no known studies that have done the same 
with a British population. In Britain, interest in socio-economic status in the past has 
been dominated by the study of Anglo-Saxon burial grounds with their elaborate graves 
and spectacular grave goods. Driven by a methodology developed by proponents of the 
New Archaeology (Brown, 1995, see Section 1.5), studies have focused heavily on the 
material evidence (the often spectacular aspects of a grave), and have assigned the 
biological evidence to a subsidiary role in which basic information (e. g. age and sex) is 
occasionally used. This has resulted in the assumption that if burials are not 
accompanied by objects or afforded some form of outwardly visible mortuary treatment 
then the status of either the individuals, or the population, is not obvious. 
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James (1989) argues that there is just as much to learn about status from cemeteries in 
which -there are no grave goods. These have largely been ignored because their 
`... rewards are not so immediate or so obvious to the excavator or to the fonder' (of the 
excavation. ), (ibid : 24-25). These `grave-goodless' (James, 1989: 24) cemeteries offer 
just as much potential, perhaps more if one considers that the social interpretation of 
objects associated with burials can be obscured by cultural symbolism, and 
oversimplified interpretations of wealth and status, (see Section 1.5). Instead of relying 
on the obvious, these cemeteries encourage a more integrated approach in which status 
is seen as the dynamic interaction between environment, health and culture, (see Section 
1.5). This takes interpretations beyond static equations of artefact or burial type to those 
that consider the broader aspects of a cemetery such as its development, its association 
with other monuments, its position in the landscape and the demographic and 
pathological profile of the population buried within it. It is argued that, to date, this has 
largely been ignored in status studies because their potential, or more specifically the 
potential of health indicators, is yet to be discovered. 
1.5 Some Theoretical Considerations 
The mortuary record has always held a central place in British archaeology since the. 
emergence of the discipline, but it is only since the development of the `New 
Archaeology' in the 1960s and 1970s that mortuary practices have been explicitly 
linked to social structure. Prior to this, the examination of the mortuary record was 
dominated by 19th century ideas of diffusion and population movement (Chapman and 
Randsborg, 1981). Rather than studying mortuary data to identify social stratification, 
they were studied in order to distinguish groups by their cultures as well as to 
distinguish individuals within cultures (Chapman and Randsborg, 1981). For example, 
the large mounds and rich grave goods of the Wessex culture barrows were interpreted 
as the tombs of chiefs of the Bronze Age culture (Trigger, 1989). Thus cranio-metric 
traits held. central place in which skull shape and size was perceived as a useful 
indicator of race (Howells, 1973) and allowed the artefacts, or the material expression 
of ancient people, to be categorised. Post-cranial remains were considered unimportant 
and were normally discarded (Brothwell, 1967). 
This focus on broad horizontal dimensions of status was replaced by an interest in the 
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vertical dimensions of status in the 1960s and 1970s, largely as a result of the `New 
Archaeology'. Rather than describe data, the approach attempted to explain change in 
societies by adopting a functionalist approach (Trigger, 1989). Society was regarded in 
a very mechanistic way, and a middle-range theory was developed in which great 
emphasis was placed on ethnographic analogies and contemporary social theory 
(Arnold, 1997; Trigger, 1989; Wason, 1994). Within this framework a methodology for 
identifying social stratification and complexity was developed. This was largely led by 
the work of Saxe and Binford who advanced the theory that social complexity is 
expressed by variation in mortuary ritual (Brown, 1995; McHugh, 1999). Another 
fundamental perspective was added to this by Tainter's (1975,1978) energy expenditure 
model, in which social stratification was identified as a function of the amount of 
energy expended on the dead. 
Thus, status was viewed in terms of linear ranking or class, which in turn was linked to 
wealth, so that a `high status' burial may be differentiated from a `low status' burial in 
-terms of its wealth, (or what is perceived as their wealth) as indicated by the quantity - 
and quality of the mortuary record. This resulted in the development of elaborate 
scoring systems which attempted to quantify social status based on grave goods (e. g. 
O'Shea, 1981), grave type, (e. g. Binford, 1971), energy expenditure, (e. g. Tainter, 
1977), and other factors. 
These studies made the basic assumption that the rather arbitrary values assigned to 
objects bore some direct relationship with their actual value in past societies. They also 
assumed that socio-economic status is a static construct, so that people buried in one 
period may be said to be poorer, and of lower status than those 'of a later period. This is, 
however, clearly not the case. For example, although 7t' century Frankish burials did 
not include objects such as the bronze bowls and glassware, like those of the preceding 
century, these contained individuals who had been no less wealthy (James, 1989). 
Assumptions like this were criticised by Hodder (1982a) who argued that less 
complexity in a burial does not necessarily mean less complexity in living society 
because: 
`Social differentiation at death may be less marked than in life' 
(Hodder 1982a: 153-4) 
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Alternative approaches to mortuary data have stressed the ideological aspects of burial 
(e. g. Hodder, 1982b; Parker-Pearson, 1999), which carry a whole host of associated 
problems of their own. For example, they tend to view burial evidence in isolation from 
the rest of the archaeological record, and the assumption is made that because 
ethnographic studies have demonstrated `ideological manipulation' in burial practice, 
this is also the explanation for any `mis-representation' of a society in the 
archaeological record (McHugh, 1999: 16-17). In particular, it is extremely difficult to 
distinguish ideological symbolism from other explanations in an archaeological context. 
An archaeological sample may comprise just one social stratum because the excavation 
did not cover areas in which other strata were buried; this may be misinterpreted as 
reflecting an egalitarian society which, in reality, may have been hierarchical (ibid. ). 
Additionally, not all attributes are necessarily bound up in ideological factors. For 
example, in modem society status is publicly displayed daily in terms of clothing, 
choice of vehicle, and home, and these items are not usually selected for their 
ideological significance (Tarlow, 1992). 
The SaxeBinford approach and theories based on ideology are hindered by a failure to 
regard status as an integral part of social identity. Social identity is the dynamic 
interaction of a whole host of social structures and these all influence and are influenced 
by status. These broadly fall into the categories of biological status and politics, power 
and culture. 
1.5.1 Status and biological states 
This may be seen in the interaction between status and the different biological states of 
age, gender, ethnicity and death. As well as being biologically determined, age is also 
defined socially in terms of achieving power, social privileges, and economic resources 
with the advancement of age (McHugh, 1999). On the basis of this, advocates of the 
New Archaeology methodology (e. g. Saxe, 1971) believed that rich child burials were 
an indication of ascribed status because the acquisition of achievements at this age 
would not have been possible. However, this is not so clear cut. Differences in burial 
type may not be a reflection of differences in social status but a reflection of different 
social and cultural attitudes towards children, such as a fear of infant ghosts and the 
importance attached to reproduction (McHugh, 1999; Pader, 1982). 
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Similarly, males and females may be of the same social class but they will be further 
differentiated by the particulars relating to their gender which itself does not equate with 
biological sex (Lucy, 1997). Therefore, males and females of equivalent rank may 
partake in different `channels of power and prestige' (Wason, 1994: 39). Additionally, 
the relative status of males and females may not necessarily be fixed, but may vary 
considerably as a result of changes in economic, social, and demographic arenas 
(McHugh, 1999). For example, Hodder (1984) argues that in the European Neolithic the 
status of women is linked to the economy in which a demand for labour elevated their 
importance because of their reproductive capabilities. Later `... productive rather than 
reproductive resources became the limiting factor' and therefore their importance is 'de- 
emphasised' (ibid.: 66). 
Status is also governed by a person's ethnic background so that certain treatment within 
society may be afforded to a person depending on their national identity, regardless of 
their wealth. This may be reflected in where someone lives, their occupation, and the 
food that they eat, among other things. Ethnicity has been a major pre-occupation of 
those studying Anglo Saxon burial practice. Thus, following the Second World War, 
histories of immigration from Germanic countries were written in which cemeteries 
were determined as `Roman' or `Germanic' depending on grave goods and 
anthropometric data (James, 1989: 25). Approaches like this failed to acknowledge the 
fluidity of ethnicity and the fact that this has little impact on biological indicators. For 
example, people may adopt the material culture of an ethnic group but may not share the 
same ethnic identity. This is reflected in the work of Higham (1992) who, based on the 
Saxon weapon burial rite, suggested that Saxon material and linguistic culture was 
adopted by Britons because it was perceived as a way of affording a person better status 
in society. However, this assumes that Saxon weapon burials represent wealthier 
individuals of higher social standing. 
Living status may also be different to status in death. The deceased are transformed 
from living relative to dead ancestor and relatives are transformed from, for example, 
husband to widower, daughter to mother, heir to the throne to king (Hodder, 1982b). 
The status of the deceased is also integrated into their lives in terms of inheriting their 
material (eg house, money), and notional (eg. social position, occupation) legacy (ibid. ). 
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1.5.2 Status and religion, politics, power and culture 
Religion may determine how a person is buried regardless of their wealth or social 
standing. In medieval Britain, although Christian societies were highly stratified, 
religious doctrine meant that little differentiation was afforded in terms of grave goods. 
Apart from burial pebbles, which are thought to have had a symbolic religious 
significance (Philpott, 1991), grave goods are generally not characteristic of Christian 
cemeteries, unlike their Anglo-Saxon counterparts in the south-east (e. g. Swallowcliffe 
Down, Wilts. ) where the deposition of characteristically `high status' artefacts in graves 
is common (Welch, 1992). Conversely, there are examples where religion can control 
who is buried and where depending on social class. For example, burial within the 
monastic churchyard before the 8th century was restricted to clerics, a privileged class in 
early medieval society, and great emphasis was placed on the burial of important people 
in later monastic churchyards as a way of reflecting prestige (Daniell, 1997: 91-92). 
Religion may also -influence a person's lifestyle in terms of what they eat, and the 
activities they undertake irrespective of their social standing and wealth. For example, 
in medieval Britain some monastic communities led an ascetic lifestyle in which they 
chose to give up their luxuries and lead a `poor' life and this brought together people of 
all backgrounds. According to documentary sources, 7th century ascetic communities 
are associated with characters such as: `Guthlac.... a nobleman .... Cuthbert a shepherd 
boy and Willibrord.... a ploughman' (Butler and Given-Wilson, 1979: 20-21). 
Status may also be manipulated by political motives whereby individuals make a 
conscious effort to redefine their social identity. For example, a community may 
redefine its status in relation to a neighbouring polity by undertaking `competitive 
emulation' in order to embellish their power (Renfrew, 1986: 8). This may involve 
displays of wealth (e. g. the erection of a monument) so that they appear `bigger and 
better' regardless of their socio-economic background (Wason, 1994: 56). This might 
also be true of the early medieval fortified settlements in Wales that are associated with 
high status artefacts (see Section 1.6.3) but which may not necessarily imply social 
hierarchy (Arnold and Davies, 2000). They may have been politically motivated 
irrespective of their builder's socio-economic background in order to accentuate 
leadership, ownership, affiliation or opposition to an establishment at a time when there 
was `political dislocation' in Wales (Davies, 1990: 34). 
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Power can also affect status regardless of the stratum to which a person belongs. For 
example, the Kachin society of Highland Burma assigns slaves to the lowest status and 
yet, because they are owned by chiefs, Leach suggests that they are perceived as 
adopted sons because their position is closer to the King than any other class (Leach, 
1954: 160). 
Additionally, material culture may be used to reflect a person's self identity which is 
developed through their perception of the world around them, and how they interact 
with society (Giddens, 2001). While on the one hand it may serve to symbolise a 
person's wealth in terms of the clothes they wear and the food that they eat, it may also 
be instrumental in establishing a group as a stratum. For example, in feudal society 
culture was the critical means by which soldiers were transformed into a military noble 
class. This was done through the practice of a certain lifestyle as manifested in cultural 
codes of behaviour and the gradual appropriation of ceremonial rights and religious 
associations (Turner, 1988: 35). As Turner writes, `in this sense culture became 
constitutive of stätus entitlements while also expressing them' (1988: 68). 
1.5.3 Socio-economic status and health status 
Health may impact on status at several different levels. Today, poor health may result in 
the loss of a job, a reduced income and the inability to afford an existing life style. This 
may be exacerbated by increased living expenses due to particular health requirements 
as well as social prejudice and exclusion from social groups. A person's own perception 
of their status may also change due to their health and this will affect all of the different 
social structures that interact to define status (see Section 1.5). 
Poor health may be a condition of both high status groups and low status groups; 
vitamin C deficiency may be expected in a low status group experiencing 
malnourishment, while gout is associated with an adequate diet and may be observed 
among high status groups (Porter and Rousseau, 1998). Conditions traditionally 
associated with different strata can however cross social boundaries; in 19' century 
Britain vitamin D deficiency was very common among the upper classes because it was 
considered fashionable to be pale, wear clothing that covered the body, and to avoid 
exposure to the sun. Additionally, in the 18th century, it became common to feed infants 
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by hand, a factor that may have contributed to the high prevalence of rickets observed 
in 
infants from Christ church, Spitalfields (Cox, 1996). In these examples, rickets was a 
disease of the wealthy as well as the poor. Likewise, in 20th century China, high status 
women adopted the tradition of foot binding which caused crippling bone deformities 
(Hucker and Oscar, 1975). 
Differential access to foods can also have an impact on health in unpredictable ways. 
Access to a good diet may lead to dietary excess in for example, alcohol and rich food 
which may ultimately lead to poor health (Roberts and Cox, 2003: 171). Thus a 
high 
prevalence of caries may have been more common among high status groups that 
existed when it was regarded as a luxury product and before treatment and more 
effective oral care was introduced (Stroud 'and Kemp, 1993). Other differences in life 
style may also predispose high and low status individuals differentially. For example, 
high status individuals* are more likely to engage in travel and trade therefore bringing 
them into contact with different diseases (Roberts and Cox, 2003: 171). 
1.5.4 Status and skeletal health 
Skeletal health indicators may not reflect social differentiation if it only existed as 
symbolic differences (Robb et al., 2001). Rather, differences in health may only be 
visible if there were explicit differences in lifestyle (activity, diet, health and other 
factors) afforded to socially stratified groups. Further, *skeletal responses are not just a 
simple reflection of social stimuli but are the result of a complex interaction of 
biological responses that are the result of a whole host of causes, thresholds and 
conditions (ibid. ). Many diseases do not affect bone and very few bony changes are 
pathognomonic of a particular disease. Bone responds to disease in a very limited way 
and therefore, it is only by observing the pattern of skeletal involvement against other 
biological factors, such as age or sex, that a diagnosis might be possible. 
Populations may also have different experiences of disease; although modern 
populations can be observed to understand what causes certain skeletal changes, it has 
to be assumed that an archaeological population experienced the condition in the same 
way. For example, enamel hypoplasia may be considered, in some populations, to be 
associated with malnutrition, whilst in others it is considered to be a `normal variant' 
(Robb et al., 2001). 
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According to the `Osteological Paradox' (see Section 2.2) skeletons that display a high 
prevalence of pathological conditions may not necessarily represent the `un-healthy' or 
biologically `stressed' individuals in a population, but individuals with a history of 
survived insults. Conversely, skeletons with little pathology and a young age at death 
may represent those who did not survive long enough for insults to manifest themselves 
skeletally (Wood et al., 1992). 
Thus, health is not a direct reflection of status but of a complex interaction of social and 
biological stimuli. As Robb et al. argue, `a nuanced interpretation may be more 
appropriate than an across the board designation of a population as `stressed' or 
`healthy" (2001: 214). 
1.5.5 Towards a broader theoretical approach 
Recent work has acknowledged the fact that status cannot be explored by solely 
identifying linear ranked groups or symbolism because it is a multi-facteted concept in 
which there is a complex interaction between gender, age, culture, politics and other 
social structures (McHugh, 1999; Lucy, 1997; Lillie, 1997; Morris, 1992; Rega, 1997). 
The sociological concepts of habitus (Bourdieu, 1984) and structuration (Giddens, 
2001) are central to this new direction. Habitus may be defined as cultural habitat or a 
complex set of dispositions, practices, and tastes (such as posture, ways of walking, 
ways of eating, dress and speech) which are socially acquired and which define a 
person's perception of social space (Bourdieu, 1984). In this sense status may be 
conceptualised as lifestyle which is. determined by the interaction of all social structures 
such as biological states, power, politics, ethnicity and religion. Structuration refers to 
social structure as a state that is continuously changing owing to the actions and 
attitudes of societies (Giddens, 2001: 668). 
Status is therefore the reflection of social identity and social relations, and to interpret 
evidence for this in the archaeological record it is necessary to consider its impact on all 
aspects of society and economy. This takes the investigation of status beyond a focus on 
the material culture to one which looks at the people themselves in terms of their 
demography and health. 
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1.6 The Present Study 
1.6.1 Llandough : An Overview of the Site 
Llandough lies in the north of Penarth on sloping ground near the crest of an escarpment 
(Figures 1.1 and 1.2). The escarpment overlooks the estuary of the river Ely to the north 
and a stream that runs through a combe to the south (Thomas and Holbrook 1994: 2). 
Although once a village, the settlement now forms part of a suburb of Cardiff, the centre 
of which lies approximately 3.5 km away. In the centre of Llandough stands the church 
of Saint Dochdwy and the current building dates to the middle of the 19th century. In 
1994 excavation of the ancient burial ground was undertaken by Cotswold 
Archaeological Trust, ahead of residential development by Ideal Homes Wales Ltd. A 
full report on the excavation is to be presented by Holbrook and Thomas (forthcoming). 
The excavation area (NGR ST 16817331), lies to the north of the churchyard wall and 
extends to the edge of the escarpment (Figure 1.2). Altogether, this covers 0.22ha of 
land. Within this area 1026 graves, 814 discrete articulated skeletons and 212 disturbed 
skeletons that were classed on site as disarticulated bone groups (Thomas and Holbrook, 
1994: 6) were recovered. Many of the skeletons were found only a few centimetres 
below the modem ground surface; activity post dating the cemetery had truncated much 
of the site. This includes post-medieval quarrying, which bisected the excavation, and 
levelling carried out during construction of the farmhouse and outbuildings of Great 
House Farm. Other disturbance was caused by two shallow ditches of un-known 
function aligned N. E. -S. W. and N. N. W. -S. S. E. respectively and dating after the 
cemetery but before the farmhouse. 
1.6.1.1 The archaeological importance of Llandough 
The archaeological importance of the present site has long been recognised as the result 
of archaeological and historical investigations that date back several decades. During 
the 60s and 70s archaeologists uncovered evidence for Iron Age and Roman features 
south of the church (Beare, 1963; Owen-John 1988) and a 10"' or 11th century decorated 
cross shaft (Nash-Williams 1950: 206; RCAHMW 1976, No. 938) that stands on the 
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Figure 1.1 Location map of Llandough and other sites mentioned in the text (after 
Holbrook and Thomas, forthcoming, Figure 1. ) 
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Figure 1.2 Areas of archaeological excavation (1963,1979 and 1994) at Llandough 
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south side of the present church may attest to the antiquity of the site (see Appendix 
Two, Section 10.1). Davies' (1982) analysis of the Llandaff charters in the 1980s 
deduced that the present day 19th century church of Saint Dochdwy overlies the site of 
one of the major early medieval monasteries of Glamorgan. It is thought that a monastic 
community existed in Llandough during the period 650-1075 AD (Davies, 1982). 
1.6.1.2 Historical background 
The place-name Llandough translates as: `the cemetery or church of Docco. Place- 
names beginning with the element `Llan' are found mostly in Wales and Cornwall 
(Preston-Jones, 1992) although a few have been described in Somerset, the Wirral and 
Dorset (Petts, pers comm. ). The basic meaning of this term is enclosure and its use in 
historical sources suggests the evolution of such sites from cleared land to marked out 
land, to enclosed land, to enclosed cemetery, and finally to church or monastery 
established within an enclosure with a churchyard (Jones, 1972: 303). The chronology 
for this development is not clear, although Thomas (1994) suggests that `church 
enclosure' appears before the 7t' century. In the Llandaff Charters, Van is also used to 
refer to dependent estates of ecclesiastical sites that did not have an actual church 
(Jones, 1985; Petts, 2002). 
The first mention of the place name Llandough is in 7th century sources and it is thought 
that Docco, or Docheu, was a 5th century British saint. He is referred to in later sources 
as a bishop who died around AD 473 (Irish Annals of Ulster). Saint Docco also has 
connections with Cornwall where he is associated with a monastery founded near Kew 
in Wadebridge (Thomas and Holbrook, 1994). 
1.6.1.3 The archaeological sequence 
Archaeological investigations at Llandough have established a stratigraphic sequence 
that spans the late Iron Age to recent times. This is described in detail by Holbrook and 
Thomas, (forthcoming). 
Iron Age occupation is attested to by a possible- farmstead (Owen-John, 1988) which 
was overlain by a Roman villa, believed to have been in use from the 2 °d century A. D. 
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until the beginning of the 4' century, possibly longer (ibid. ). Some of the burials 
excavated during the 1994 investigations may relate to these phases and if this is 
correct, then use of the burial ground at Llandough extends as far back as prehistory. 
This is indicated by one pit burial (skeleton 601) although no artefactual, stratigraphical 
or other evidence survived to confirm its date (Thomas and Holbrook, 1994). 
Eleven burials excavated in 1994 were associated with artefacts of late Roman date 
(Table 1, Appendix 1). These include, pitched stone slabs, pottery, hobnails, coins, glass 
beads, and brooches (Holbrook and Thomas, forthcoming). Two of these have been 
radio-carbon dated, suggesting an early medieval date for both; burial 87 was found in 
association with hob nails, a Roman coin (with a terminus post quern of 330 A. D. ) and 
0' century pottery produced a calibrated date of 776-1018 A. D., and burial 110 was 
found with hobnails, a coin (337-40 A. D. ) and vertically pitched stone slabs: it 
produced a calibrated date of 655-938 A. D.. A further 20 burials were associated with 
hobnails, but in all cases these were residual. Evidence for Roman burial activity is 
therefore inconclusive. 
These possible `Roman' burials tended to cluster in the southern part of the cemetery 
(Figure 1.3) and they may have been associated with the villa or some other focus that 
has not survived (Thomas and Holbrook, 1994). This trend is also reflected in the 
distribution of Roman pottery, even though some of this is clearly residual (ibid.; Figure 
1.3(c)). 
Evidence for post Roman activity includes medieval structures of uncertain function 
uncovered during excavations in 1963 and 1979, some of which may have belonged to a 
monastic Grange that was owned by Tewkesbury Abbey (Beare, 1963; Owen-John, 
1988), and a possible medieval castle located south-east of the church (Lewis, 1843). 
Three human skeletons were found in a gully in 1963, possibly of 13th century date, and 
at least 30 skeletons were found south of the stream in 1979. Of the thirty skeletons, two 
have been assigned, by radio-carbon analysis, to the period spanning the late 8u' to the 
late 10th century (see Table 1, Appendix 1). A further skeleton had been dug into a 
demolished wall of the Roman villa and was radio-carbon dated to between the 11`h and 
13th centuries (see Table 1, Appendix 1). These burials may have either been from the 
monastic burial ground or the result of an attack on the monastery by Scandinavian 
invaders (ibid. ). 
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Figure 1.3. Distribution, of possible Roman burials as identified by hobnails, 
brooches, glass beads, (A) and pottery, (C). Stone lined graves, head support 
burials. and burials with markers are also shown (B). (after Holbrook and Thomas, 
forthcoming, Figures 27 and 28). 
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Most of the evidence for post-Roman activity is represented by the inhumation 
cemetery excavated in 1994, (Figure 1.4), and from which the skeletons examined in the 
present study derive. As discussed, one of these may be of Iron Age date and 11 may be 
of Roman date. The majority were extended, supine, plain interments; wooden coffins 
were indicated in at least nine instances and sixteen stone lined graves were also found. 
Some burials were accompanied by head support stones and grave markers (Figure 
1.3(b)), and quartz burial pebbles. Two skeletons (skeletons 34 and 898), were 
accompanied by iron knives, and one skeleton (skeleton 631) had metal bands, possibly 
a hernia belt, surrounding the region of the pelvis (Holbrook and Thomas, forthcoming). 
During the initial post-excavation analysis of the cemetery, burials were divided into 
three groups (areas I- III) according their spatial distribution within the cemetery 
(Holbrook and Thomas, forthcoming), (Figure 1.5). Area I, situated in the south, 
included burials contained within a possible curvilinear boundary which was indicated 
by a line of burials on a N. E. -S. W. alignment and a gap of approximately one metre to 
the north and west of this. This might indicate the location of a formal boundary 
although other evidence, such as the remains of a fence, wall, or ditch was not found to 
substantiate this claim (Holbrook and Thomas, forthcoming). 
Areas II and III lay to the west and north of area I. Little burial evidence survived in the 
north-east corner and north-west side of these areas as the result of later disturbance. 
Burials in area II showed the clearest evidence for arrangement in defined rows. Later 
N. E. -S. W. burials cut across these. The full extent of burials in this area lay further to 
the west outside the limits of the excavation. Area III was the most intensively used part 
of the cemetery. Here, burials generally observed an E. -W. alignment, and one possible 
row was identified. This area contained a large proportion of infant and juvenile burials 
and these clustered in two distinct groups,, one relatively central and the other in an 
adjacent area to the north. These were aligned E. -W. and were cut into adult burials, 
suggesting that they represent some of the latest inhumations in the cemetery. 
The extent of the cemetery was not established during excavation. Although burial 
continued outside the excavation area to the west, this probably did not continue much 
further because of the Penlan road which runs parallel to this nearby and which 
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Escarpments to the north and east, beyond the limits of excavation, are thought to mark 
natural boundaries in both of these areas (Holbrook and Thomas, forthcoming). To the 
south, the crest of the slope just before the stream may mark a boundary here, or the 
cemetery may have continued below the stream to the area where burials were 
excavated in 1963 and 1979. Although excavation in this area has been limited, the 
latter is unlikely because few burials have been found here. 
Post medieval and recent activity is attested to by a rectangular timber building of 
unknown function found in the north-east corner of the site, possibly dating to the 13th 
or 14th century. This is in addition to the remains of a farmhouse and outbuildings 
(Great House Farm), which is possibly of 17th century origin but may have incorporated 
medieval building material (Thomas and Holbrook, 1994). These buildings were 
demolished in 1988. More recent activity at Llandough has centered on the medieval 
church and its boundary which were rebuilt in the mid-19th century. 
1.6.1.4 Phasing for the early medieval cemetery 
Phasing has been difficult to assign to the cemetery because no definite evidence for 
boundaries was found and vertical stratigraphy was absent due to the truncation of the 
site. Holbrook and Thomas (forthcoming) initially suggested that the earliest phase of 
burial was focused beneath the present churchyard (area I) and developed in a broadly 
radial pattern to incorporate areas II and III. They suggested that the majority of burials 
in area I were associated with the early years of the monastery. Burials closest to the 
present churchyard wall were probably early in the sequence, although the identification 
of any sequential patterning was obscured by the re-use of this area for later interments. 
Burials in this area probably therefore represent those of the religious community that 
was attached to the monastery. Areas II and III were thought to represent expansion of 
this early cemetery. 
A program of radio-carbon dating (see Table One, Appendix One) has subsequently 
indicated that this model is not that straightforward; while burial was taking place in the 
northern most part of area III towards the end of the cemetery's use, it was also taking 
place in area I, and burials with early dates were also present in both areas. Dates also 
indicated that burials in the N. E. -S. W. arrangement to the south that may indicate a 
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curvilinear boundary were taking place before the mid-7th century and continued after 
A. D. 885. Therefore, if they do represent a curvilinear boundary this suggests that it was 
still present following later expansion of the cemetery. Dates, for burials in area II 
indicate that burial was taking place here before A. D. 980 (Holbrook and Thomas, 
forthcoming). The model for development can therefore only be employed in a very 
broad sense. 
Despite the lack of conclusive evidence, pottery and the villa site suggest that the use of 
the burial ground may have been continuous from the late Roman period (and possibly 
even the late Iron Age) to the medieval period (Holbrook and Thomas, forthcoming). 
There is no concrete date for the abandonment of the cemetery. The range of latest 
radio-carbon dates for the site (in addition to an 11th century date for one iron knife 
found in area I) suggest that burial continued until the demise of the monastery which 
historical sources indicate occurred in the late 10th or early 11th century (ibid. ). This is 
believed to have come about due to the rise of Llandaff (located three miles away) to 
Episcopal status and this is supported by the fact that the village of Llandough was 
granted to Tewkesbury Abbey in the late 11th century. Ceramic evidence suggests that 
the latest possible date for burial is the beginning of the 13' century. 
1.6.2 Llandough and Socio-Economic Status 
Several features about Llandough provide evidence for the community's former socio- 
economic status. For example, it is associated with a Roman villa, which because of its 
size and association with a villa estate system, is considered to have been of major 
importance (K. Dark, 2000; Knight, forthcoming). Llandough also lies 2.2 km from 
Dinas Powys, an early medieval high status fortified site that may have been a lys, a' 
princely court (Alcock, 1987); Llandough may have been the religious establishment 
that accompanied it (see Sections 1.6.3 and 1.6.4). These sites are further linked by the 
presence at both of sherds of insular Bii amphorae and fragments of a6 '-7th century 
glass cone beaker. The amphorae, probably originating from Asia Minor, may have 
carried wine or oil and been given as a gift from the lord at Dinas Powys to members of 
the monastic community (Knight, forthcoming). Llandough is also referred to in the 
Welsh Charters as the third most important monastery in South Glamorgan (Thomas 
and Holbrook, 1994) and the size of the cemetery is also thought to reflect the fact that 
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this was a religious establishment of considerable importance (Brook, 1992; Thomas, 
1988). 
It is likely that most burials in area I relate to the monastic community that sources 
suggest was established in the 6th century. Historical sources indicate that this may have 
included monks, their wives, children and the lay aristocracy (Davies, 1982; Section 
1.6.3). The expanded cemetery (areas II and III) is thought to largely comprise the lay 
population who were afforded the right to be buried in monastic cemeteries from about 
the 8th century (Holbrook and Thomas, forthcoming). While it is likely that this 
distinction between the areas was, not rigid, this accounts for the distribution of the 
majority of burials. Therefore, not only does evidence indicate that Llandough was an 
important place for its time, but socio-economic distinctions between individuals within 
the burial ground are also implied. 
1.6.3 Socio-economic Status in Early Medieval Wales: Historical and 
Archaeological Background 
Socio-economic status cannot be properly evaluated in the Llandough sample without 
considering the broader context and to this end a review 'of the historical and 
archaeological background to early medieval Wales is presented in Appendix Two. The 
most pertinent aspects shall be summarised here. 
The period that is the concern of this study is defined by two historical landmarks: the 
departure of the Romans circa. 410 AD and the arrival of the Normans in the 12th 
century. The 700 years between these dates are variously referred to as `The Dark 
Ages', the 'Anglo-Saxon', `Migration', `Pagan', `Early Christian', `Arthurian', `Early 
Medieval', `Early Historic' or `Sub-Roman' periods depending on which part of Britain 
is being referred to and the perceptions of the source (Hills, 1999: 176-178). As the 
quantity and variety of these terms imply, this period is characterised by significant 
changes in political, social, and religious arenas. There was a shift from paganism to 
Christianity, monastic settlements became more widespread, Roman settlements 
dwindled, chiefdoms sprang up, to be eventually replaced by kingdoms, the Germanic 
groups settled'in the east and south of England, the Picts ruled Scotland to be replaced 
by the Scoti, and the Vikings invaded in the 9t' century. It must also not be forgotten 
26 
that the written sources refer to occurrences of `plague' and `pestilence' during the 5th, 
6th and 7th centuries, and although in modem terms it is unclear what this actually was, it 
was probably of epidemic proportions (Maddicott, 1997; Davies, 1982). Climate also 
underwent some significant changes; in broad terms the warm dry conditions that 
prevailed towards the end of the Roman period became colder during the 5th century 
followed by an especially cold phase in the 6th century (P. Dark, 2000: 27-28). The latter 
half of the millennium saw a shift to warmer and drier conditions which culminated in 
the `Little Climatic Optimum' in the Ilu' century that persisted until well into the 
medieval period (Evans, 1978: 175). Details of these events are described in 
a number 
of standard texts (Arnold, 1997; Blair, 1962; Hills, 1999; Lamb, 1981; Welch, 1992). 
Like much of Britain, the period 400-1200 AD was an unsettled time in Wales marked 
by conflict, the penetration of immigrants, and unstable political control. The impact 
that this had on society, however, is unclear. For example, although there are references 
in the written sources to the Viking raids on churches, these are fewer than the rest of 
Britain and Ireland suggesting that there was little violent activity (Pryce, 1992a). In 
fact, place name evidence points to peaceful Viking settlement and the adoption of local 
culture (Davies, 1982). 
Perhaps the most significant trend, however, is the political and social divide that 
existed between the more Romanised south-east and the rest of Wales which, during 
this period, gradually reduced in intensity (Davies, 1982). At the beginning of the 
period the south-east was characterised by a pattern of Roman villa estates and was 
engaged with the socio-economics of Britain (Knight, 1999). By the end of the period, 
however, this region had lost these characteristics and was more closely affiliated with 
the rest of Wales through greater political involvement (Davies, 1982). This period 
therefore marks a significant transition in the socio-economic development of south-east 
Wales. 
More generally, there are changes in landholding, settlement, and burial practice from 
about the 8t' century which, in addition to increasing political fragmentation and a 
growing sense of territoriality, reflect greater diversification in society (Arnold and 
Davies, 2000). Large tracts of good agricultural land is no longer donated by local rulers 
and organised through an estate system and instead, poorer land is granted by the laity, 
perhaps indicating growing competition for land (Jones 1972; 1976; Arnold and Davies, 
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type; instead of being largely confined to defended hill-tops, examples include a Roman 
masonry building, an early medieval rectangular building, a palisaded settlement, a 
fortified burgh, stone houses and an enclosed settlement located in places such as the 
Bristol channel and a crannog in Langorse Lake, (Brecon Beacons) (Edwards and Lane, 
1988). 
Broadly speaking, rural cemetery enclosures, with their stone monuments that 
emphasised lineage, land ownership and status (Edwards, 2001: 38), acquired a religious 
focus from about the 6ý' and 7t' centuries and therefore `developed' (Thomas, 1971: 50). 
The Church is increasingly associated with a pastoral function, the re-use of prehistoric 
and Roman monuments, the use of stone monuments and the erection of `special 
graves' declines and cemetery enclosures start to appear (Petts, 2002: 44; Pryce, 1992b). 
Ecclesiastical burial grounds also adopt a communal function becoming burial places 
not just for religious communities, but also the lay population from about the 8t' century 
(Davies, 1982). Lastly, the wealth of the church is mentioned less frequently in written 
sources compared to earlier centuries and this may be because of the increasing 
influence of the Roman Church on ecclesiastical wealth (Davies, 1982). These changes 
suggest increasing dominance and uniformity of the Roman Church and decreasing 
individuality of burial traditions and religious communities (ibid. ). 
Besides these chronological aspects, evidence pertaining to the nature, of the economy 
and society is extremely limited. Unlike to the rest of Britain and Ireland, archaeological 
evidence and written sources for the early medieval period are sparse (Edwards and 
Lane, 1992b; Appendix Two, Section Three). For a long time this has perplexed those 
who study it because it is not clear whether this reflects material poverty or a 
conservatism in which Roman traditions are carried through into the early medieval 
period (Carver, 1987). Generally, excavations and surveys have instilled a growing 
confidence in the argument that conservatism rather than poverty was the reason behind' 
these choices (H. James, 1992). 
What little evidence there is presents a mixed picture. Early studies envisaged the early 
Welsh economy as one which conformed to Piggot's description of `... celtic cow-boys 
and shepherds, footloose and unpredictable, moving with their animals over rough 
pasture and moorland... [who] could never adopt the Roman way of life in the manner 
of settled farms.... ' . 
(1958: 25). There is reference in the sources to transhumance 
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(Davies, 1982: 39-41), and this may have partly led to this conclusion but transhumance 
is just one aspect of the economy and there is now the view that Piggot had based this 
observation on biased medieval texts and had ignored the archaeology (Alcock, 1987). 
Instead of nomadic pastoralists, the picture we accept is one of an unspecialised mixed 
farming economy that was based on the cultivation of crops and rearing of animals. 
Small scale industry and domestic crafts also existed but largely operated to satisfy the 
requirements of the local community (Arnold and Davies, 2000). These included 
smithing, lead, iron and copper manufacture, bone working, and possibly leather 
working and weaving. There was little, if any, local trade, no markets (Davies, 1982; 
Arnold and Davies, 2000), and there were no urban centres prior to the 11th century 
(Edwards and Lane, 1992b). Long distance trade connections with the Mediterranean 
are indicated by finds comprising amphorae, red slip wares, continental pottery and 
glass cone beakers. Based on the artefacts recovered from the 5th to 7th century hill top 
settlement at Dinas Powys, Alcdck suggests that there may have been trading 
connectins with Rome, Germany and Ireland (1987). Many of the these imports may 
have come via England and therefore need not indicate immigration, although; Irish 
settlers (possibly travelling craftsmen) may be suggested due to the similarities between 
the Dinas Powys assemblage and that of Irish sites (ibid. ). 
Far less certainty surrounds evidence for status. Much of this reflects high status, 
suggesting a hierarchichal society. For example, artefacts largely consist of directly or 
indirectly imported 56' and 6u' century red slip-wares and amphorae (or `B' ware) and 
glass (Fulford, 1989; K. Dark, 2000;. Thomas, 1982) which may represent high status 
items or be associated with high status commodities such as wine or oil (K. Dark, 2000; 
Thomas, 1971). Hill top settlements have been interpreted as `aristocratic strongholds' 
(Wilkinson, 1995), the best example of which is Dinas Powys (Figure 1.6). Despite 
speculation that this was a craft centre, or a fortification, the highly specialised nature of 
the crafts, the range of artefacts and domestic pots, which imply `considerable wealth 
and social standing' (Alcock, 1987: 64) led the excavator to conclude that it served as a 
court (lys) of a lord or a prince (ibid. ). There are also the inscribed stone monuments 
which describe the different roles of people and, because they are uncommon, probably 






























ý ýý% 1// flfjt fr 
V4 
co fr~- N ~1`~~ -ti 
\, 
: ,, ý'` ý: 
lip "-,,.,, ýýý, A/i 
O'll 





































Burial practice includes the erection of structures or boundaries to mark out `special 
graves' (H. James, 1992). These may be relative to the status of the deceased (ibid. ). It 
has also been suggested that the graves that have been discovered under piles of rocks 
(e. g. Dinas Powys) are those of high status individuals (Alcock, 1987; Holbrook and 
Thomas, forthcoming). There is, however, no evidence that certain places around the 
outside of a church (e. g the east end) were reserved for individuals of a particular status, 
a tradition that is common in most later church cemeteries (e. g. Stroud and Kemp, 
1993). In the 13th century there is evidence that the church carefully made sure that 
prestigious places were reserved for lords and patrons so that the church could, 
`.... accrue honour and nobility' (Daniell, 1997: 96), but suggestion of this in early 
medieval Wales is absent from the archaeological record and written sources. Davies 
(1982) cites several sources that describe burial within ecclesiastical buildings, but this 
practice seems to have been reserved for the saints who founded the monasteries 
themselves. 
The extent to which these forms of evidence present an accurate reflection of society is, 
however, debatable. Too few settlements have been excavated to know their relative 
status (Edwards and Lane, 1988). This problem extends to the artefacts since they are 
mainly found at high status sites. Although it is very likely that the stone sculpture 
refers to high status individuals, the relative role of these individuals is unknown 
(Arnold and'Davies, 2000). The `redistributive' function that would be expected of a 
high status site is also not. matched by the evidence found at Dinas Powys (ibid. ). 
Arnold and Davies (2000: 165) state that `.... we may be mistaken (....... ) of imbuing 
early medieval Welsh society with too extended a social hierarchy. The term `royal' can 
conjure up a variety of images and should here be taken only to imply leadership. ' 
A greater insight into society is afforded by the written sources. These indicate that 
society was highly stratified, that wealth was more incidental and great importance was 
placed on inheritance and ascribed status rather than wealth and achieved status 
(Davies, 1982). This is reflected in Giraldus's observation that the early medieval 
Welsh would rather marry a nobleman than marry a wealthy man (Davies, 1982: 64). 
The extent to which socio-economic distinctions actually existed, however, is unclear. 
Writing on Frankish society, James (1989) perhaps relevantly argues that terms such as 
`bondmen', and `freedmen' that are defined in the law codes probably did not reflect 
social classes but social worth and that for the Franks social status was not necessarily 
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the same as legal status, like the Romans before. He considers that these terms `... give a 
very misleading impression of rigid stratification and hierarchy in societies in which so- 
called class divisions were in fact fluid and where individuals could be socially highly 
mobile. ' (1989: 37). Therefore, although social rank was distinct, this was perhaps more 
in terms of the way different groups were classified/described than how they lived. 
There were different social groups but not classes and any sense of ranking is likely to 
be due to the inherent nature of the legal documents (ibid. ). 
Of the socio-economic status of monastic communities, evidence is also very mixed. 
Although the popular perception of pre-Norman religious establishments is of 
`monasteries' it is not clear to what extent these communities perceived themselves as 
`monastic'. Sources refer to these communities with ecclesiastical terms such as 
ecclesia, monasterium and Ilan (Pryce, 1992b). However, the popular concept of a 
cloistered monk finds very little support because these communities consisted of wives, 
children and ordained clergy who carried out pastoral work. Some establishments were 
more regulated than others, but the overall picture is of integrated religious 
establishments in which community life prevailed with very little distinction between 
monastic and non-monastic (Davies, 1982: 149). Therefore, the term `monastery', with 
its connotations of a regulated life, is not very applicable to the Welsh establishment. 
This becomes clearer when it is considered that religious institutions lay at the heart of 
economic enterprise (Davies, 1982). The Llandaff charters, (property transactions that 
mainly relate to the south-east), indicate that enterprise was largely focused on working 
the land and managing animals-such as pigs and sheep on estates granted to the church 
by kings and new converts to Christianity. This was either carried out by the 
ecclesiastical community itself or by slaves and tenants, from whom the church received 
payment in the form of food (such as beer, honey, bread and meat), or by providing 
hospitality. The Llandaff Charters indicate that churches owned large estates, often 
donated to them by kings. There are also hints at fishing economies and commercial 
exploitation of harbours, something that may have been relevant to Llandough given its 
location (Figure 1.1). By the time of the Norman invasion the income of the church was 
based on a complex and often sophisticated system, particularly in the case of larger 
institutions such as Llancarfan (Davies, 1982: 166). This is echoed in the sculptured 
crosses and cross slabs found at monastic sites and regional churches which reflect 
power and protection, and those with inscriptions, royal and ecclesiatical patronage 
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(Edwards, 2001). It is perhaps more appropriate to consider early monasteries as 
domestic settlements with a religious focus and possibly royal connections, that were at 
the centre of economic activity (K. Dark, 2000). Further, those attached to royal/noble 
estates, as indicated by their association with lys, may be regarded as `royal 
monasteries' (Knight, 1999: 144) and may have been more socially and economically 
privileged. 
Despite this apparent socio-economic importance of the early church, this is not 
reflected archaeologically or historically. In fact, the overall impression gained from a 
review of the evidence is one of poverty; there are no confirmed stone churches of pre- 
Norman date, there are only seven examples of ecclesiastical metalwork (all handbells), 
and only three illuminated manuscripts (Pryce, 1992a: 22). Reflections of wealth in 
narratives and laws are negligible compared to other European and British sources, and 
although there is an impressive collection of surviving stone sculpture, it is not of the 
same league as the elaborate stone crosses found in Ireland (ibid. ). This scarcity may be 
interpreted as religious aestheticism, material poverty, or evidence for the success of the 
Norman invasion by demonstrating how thorough the process of raiding was (ibid. ). 
Pryce (1992a) argues that while the Welsh church may not have appeared wealthy 
compared to contemporary churches in the rest of Britain and Ireland, it was wealthy 
`... in the specific social and economic context of early medieval Wales' (Pryce, 
1992a: 22). Compared with the English economy which was based on commercial 
industries, high agrarian productivity and operated in towns (Hinton, 1990), 
commercialisation in Wales was minimal, agrarian surpluses were smaller and less 
regular, and there were no towns to speak of. Unlike Britain, there is little evidence to 
suggest that tithes were regularly paid to the church before the 12th century (Cowley, 
1977: 170). It was not until the arrival of the Normans that coinage was introduced and 
the agrarian economy became more specialised and more profitable. 
Although wealthy, the nature of the early Welsh economy did not allow ecclesiastical 
wealth to be reflected materialistically in terms of lavish metalwork and beautiful 
churches. Instead it was displayed through `..... feasting and alms giving, or the support 
of substantial households.... ' (Pryce, 1992a: 31). Wealth in this sense was defined as the 
church's ability to be a centre of food production and to serve a local community. 
33 
1.6.4 Llandough: A Model 
Based on the historical and archaeological evidence discussed, a hypothetical model of 
the socio and economic status of the Llandough population may be proposed. 
There is no clear-cut picture of how the monastery and burial ground became 
established. If it is believed that Llandough is associated with an Iron Age roundhouse, 
the earliest phases of the cemetery's use may have been as rural cemetery which then 
`developed' through the establishment of a moxiastic community. 
The development of Llandough is discussed at some length by Knight (forthcoming) 
who describes eight possible scenarios. Llandough is very unusual because it represents 
a rare example where the early medieval cemetery is associated with a Roman villa 
(ibid. ). The significance of this may be closely linked to the origins of the cemetery. 
This is because the only other examples of this association (Caerwent and Llantwit), are 
also in the more Romanised south-east, suggesting that this trend `relate(s) to specific 
local conditions within the more Romanised part of the former tribal territory of the 
Silures in the sub-Roman or early medieval period' (ibid. ). Therefore, the development 
of Llandough is deeply rooted in its Roman past. Based on this fact, Knight's eight 
scenarios, and the-review presented above, it is proposed that the most likely models 
are: 
1. The cemetery represents continued burial practice from, its establishment in the 
Roman period as part of a villa estate. 
2. The cemetery may represent the re-use of a cemetery that was established in a 
Roman villa estate by a monastic community. 
In the case of the first model the cemetery may have begun during the Roman period 
and may have had been associated with a pagan shrine or temple. When the influence of 
the Roman Empire ended, the lands with the estate (with its cemetery and pagan shrine) 
passed into the hands of newly converted Christian rulers. These Christian rulers may 
have resided at Dinas Powys and given some of this land to the church to establish the 
Llandough monastery making it a `royal monastery'. Under these rulers the estate 
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evolved to become a maenor and included small townships (trefi), the land of which 
was synonymous with parochiae (see Appendix Two, Sections 5 and 9.1). 
Hob-nail burials were found in the middle of the cemetery and it is suggested that the 
location of these `Roman' burials may indicate continuity of burial (Thomas and 
Holbrook, 1994). However, radio-carbon dates suggest a late date for these; they may 
not represent `Romans' at all (see Section 1.6.1.3). A late date (5th to 7th centuries) has 
also been ascribed to hob-nail burials excavated from the Romano-British cemetery at 
Shepton Mallet, Somerset (Leach, 2001). If these really are later burials with hob-nails 
then it may suggest that as well as retaining burial location traditions, forms of Roman 
burial practice were also carried through to the early medieval period. This gives further 
weight to Carve'r's argument that the meagreness of the archaeological record reflects 
conservatism rather than material poverty (see Section 1.6.3). 
Besides this, all other implications that can be made about Llandough apply to either 
model one or two. For example, the dedication of the present*day church to St Dochdwy 
may represent the name of the abbot who established the monastic community and the 
monastic complex might have consisted of a small inner enclosure around the 
immediate monastery with a larger outer enclosure that embraced farm land and 
dwellings. The good farmland in this area, the association with Dinas Powys with its 
craft industry, and the possible fishing rights that may have been enjoyed suggest the 
economy was good enough to sustain the community. 
It may be proposed that burials closest to the present day church (the `monastic' burial 
ground) enjoyed good living standards through its connection with Dinas Powys and the 
central position of monastic communities in socio-economics. Burials that represent the 
expanded burial population that was included sometime after the 8t` century may have 
comprised individuals from the `undeveloped' cemeteries (see Section 1.6.3). Given the 
proximity of Dinas Powys to Llandough and the fact that there were probably close ties 
between the two settlements, it is possible that Irish immigrants at this site became 
integrated with the local population and would have also been buried at Llandough. 
Despite an Irish presence and possible Viking settlement later on, there is no reason to 
believe that there were other immigrants at Llandough. No artefacts, structures, or 
settlements have been found that are uncharacteristic of this area for this period, 
although this could be an accident of excavation. 
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It is extremely difficult to estimate the size of the original population because the full 
extent of the cemetery was not excavated and the limits of the cemetery are based 
purely on inference (see Section 1.6.1.3). Without establishing minimum numbers of 
individuals represented by the 212 bone groups through osteological examination, it 
must be assumed tliat they represent at least 212 individuals. If these are added to the 
articulated remains it makes a total of 1026 individuals. Based on the length of time that 
the cemetery was in use, the assumption that burial did not continue below the stream, 
(see Section 1.6.1.3) and the archaeological and historical background to the site, (see 
Section 1.6.3 and Appendix Two), it may be suggested that settlement size (including 
Dinas Powys) comprised approximately 40 individuals in each generation, (1026 
individuals divided by eight centuries, divided by three generations). 
Llandough lies in what was one of the more densely settled regions in Wales that was 
occupied by prosperous Roman villa estates which continued to be exploited into the 
early medieval period. Given this background it may be expected that the community at 
Llandough led an active life style and enjoyed good health for this period with adequate 
nutrition, health care, good sanitation and living space. 
1.7 Aims 
The aims of this study are: 
1. To explore current methodological approaches for investigating socio-economic 
status in dry bone at a macroscopic level. 
Skeletal biology has been a popular way of exploring the interaction between humans 
and their ancient environment (e. g. Cohen and Armelagos 1984) but the study of the 
interaction between social and biological paradigms is a recent development that is 
relatively under explored, (Robb et al., 2001). Additionally, although there are 
numerous studies that have explored the interaction between health and the ancient 
environment, the majority have concentrated on the detailed analysis of one or two 
markers only (e. g. Goodman and Armelagos, 1988). It is not fully understood whether a 
broader approach that examines a range of markers in a more holistic way might present 
a fuller and more accurate picture. This is particularly pertinent given today's political 
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climate in which the repatriation of human remains is an extremely sensitive issue; the 
pressure to document samples in a way that will present good quality data about the past 
and attention to recording is more relevant than ever before (Roberts and Cox, 2003). 
Therefore, this study explores the application of current methodological approaches to a 
large skeletal sample. 
2. To explore whether there is significant variation in health status across the 
population. 
It is hypothesised that if socio-economic differentiation existed there will be variation in 
the health status of males and females and different age categories. Variation will also 
be present in terms of burial location; skeletons buried in area I, the monastic cemetery, 
will have a different health status compared to those buried in areas II and III, the later 
communal cemetery (phases I and II hereon). 
3. To examine skeletal indicators of health against existing historical and 
archaeological evidence for socio-economic status. 
This aim explores whether the health status of the population adds to present 
understanding of socio-economic status in early medieval Wales. The following key 
areas will be investigated: 
Continui or poverty? It is hypothesised that if conservatism rather than poverty had 
been the reason for the meagreness of the archaeological record, it might be expected 
that this would also have affected the quality of the lives of the people themselves in 
terms of nutrition, health' care, workload experience and disease; the skeletal indicators 
in the Llandough sample will not reflect a deprived health status. 
The nature of early medieval monasticism in Wales. Health status will be examined to 
test assertions that, unlike later monasticism, there was little distinction between the 
monastic and the non-monastic. It is hypothesised that if there was integration between 
the monastic and the non-monastic, there will be little distinction in skeletal health 
between phases, and phase I will include burials of mixed ages and sexes. 
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The wealth of the early medieval Welsh Church. It is hypothesised that if the church 
was (in the context of the rest of Wales), a wealthy institution then the health status of 
the monastic community in phase I compared to the later burial population in phase II 
will indicate a better quality of life among the former. 
The nature of status. The extent to which rank, as reflected historically and 
archaeologically, affected the daily lives of the early medieval Welsh will be explored 
by assessing the extent to which socio-economic distinctions are reflected in the health 
status of the population. 
Socio-economic. change over time. Suggestions of greater social diversification from 
about the 8t' century will be explored by examining whether health indicators reflect 
change in socio-economics over time. 
Episodes of unrest. The entire period is punctuated by political, social and economic 
unrest under different conditions and by different parties, (e. g. non-Roman chiefs 
following the fall of the Roman Empire and later the Vikings) (Davies, 1982; Walker, 
1990). Is this reflected in the skeletal health of the Llandough population? 
1.8 Objectives 
These aims will be addressed by examining the prevalence and distribution of a range of 
biological indicators and comparing these data with those collected from other sites that 
are similar in date and type (see Chapter Six). Among the indicators that will be 
explored are: palaeodemography, nutritional markers, final achieved height, activity 
related osseous changes and trauma. It is somewhat arbitrary to categorise pathological 
conditions in this way because they are not mutually exclusive. The categories selected 
here correspond with those commonly employed by palaeopathologists (Aufderheide 
and Rodriguez-Martin, 1998; Ortner, 2003) although it is acknowledged that the 
divisions between them are not fixed. 
It is hypothesised that in an under-privileged low status group there will be evidence for 
increased infection, increased susceptibility to trauma, increased workload, reduced 
stature, malnourishment and reduced life expectancy. The different conditions and 
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skeletal changes that fall into these categories, and methodologies for examining these 
will be reviewed in order to select the most appropriate indicators and methods for 
exploring status in the Llandough skeletons. 
Analysis will be undertaken by adopting a bio-cultural approach in which 
archaeological and historical evidence will be considered, alongside anthropological and 
palaeopathological data (Bush and Zvelebil, 1992). This approach is important because 
of the multi-faceted nature of status in which culture, politics, and other such factors, 
are as relevant as biological factors. This will not only maximise interpretation but it 
will also alleviate limitations imposed by the skeletal evidence (see Section 1.5.4). 
Although factors such as the `Osteological Paradox', and the obscurity that exists 
between skeletal changes and their social significance, cannot be resolved, it is argued 
that a bio-cultural approach can help to indicate where these factors are less explicit. 
1.9 Outline of the Thesis 
This chapter has introduced the concept of status and how it has been explored in both 
archaeology and anthropology. It has introduced the background to the Llandough 
assemblage and socio-economic status in early medieval Wales and, based on this, a 
hypothetical model has been constructed for Llandough against which the skeletal 
indicators will be examined. Specific aims pertaining to this have also been set out. The 
next four chapters review the literature on skeletal indicators that may be used to 
explore socio-economic status. These have been dealt with under thel road headings of 
palaeodemography (Chapter Two), nutritional indicators (Chapter Three), activity 
related osseous changes (Chapter Four), and trauma (Chapter Five). These review the 
results of previous studies, their methodologies, aims, assumptions, and limitations. 
Based on these reviews the indicators, comparative samples, and criteria that are 
employed to explore status in the Llandough population are described in the methods 
statement set out in Chapter Six. This also includes justifications for these choices. 
Chapter Seven presents the results and these are analysed with reference to the aims 
outlined in this chapter. In Chapter Eight these are discussed and interpreted against the 
historical and archaeological background presented in this chapter. Conclusions and 




This chapter considers the contribution that palaeodemography can make to socio- 
economic reconstruction of the past. It outlines its aims and limitations, and evaluates 
different methodological approaches. 
2.1 Introduction 
Palaeodemography may be defined as the study of the structure and dynamics of ancient 
populations (Chamberlain, 2000: 101). Its aim is to reconstruct the biological and social 
parameters of human populations by examining population composition, fertility rates, 
life expectancy, and mortality. It is: 
`.... the study of vital rates, population distribution and density in extinct human groups; 
especially those for which there are no written records. ' 
(Buikstra and Konigsberg, 1985: 316) 
In theory, palaeodemography is a useful measure of socio-economic status in the past 
because studies of modem populations indicate that mortality patterns are correlated 
with living standards within a community, economic stability or instability and pressure 
of disease (e. g. Whitehead, 1997). Childhood mortality is, in particular, considered to be 
an important indicator of status because children are more sensitive to the varying levels 
of stress and infection that are encountered under different living conditions (Bolting, 
1997). This is reflected in 18th century records which compare mortality rates for the 
children of peasant villagers and British dukes from around the country and reflect 
higher mortality among the former (Whitehead, 1997). 
Skeletal analysis is but one aspect of palaeodemographic research and recently 
anthropologists have stressed the importance of including other aspects such as 
environmental information, settlement size, and household distribution in this work 
(Milner et at, 2000). Although not the main focus of this study, an overview of other 
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aspects that are relevant to Llandough besides skeletal evidence is presented in 
Appendix Two (Section Seven). This chapter focuses on the analysis of skeletons as a 
way of exploring socio-economic status through demographic patterns. 
Several different aspects of palaeodemography might be investigated using the skeletal 
record including age composition, mortality among different cohorts, longevity, sex 
ratios, fecundity, fertility, birth rates, death rates, rate of natural increase, family size, 
population size, the impact of disease and nutrition, and the prevalence of certain 
diseases (Angel, 1969: 427). This study focuses on standard methods for comparing and 
analysing populations, namely age composition, sex ratios and life table construction. 
2.2 Criticisms of Palaeodemography 
A number of criticisms have been levelled at palaeodemography over the years. This 
has been the focus of papers by Masset (1971,1973,1976), and later Bocquet (1977), 
which alert anthropologists to the problems of age estimation. Their joint article, 
'Farewell to Palaeodemography' (Boquet-Appel and Masset, 1982) systematically 
criticises the field and argues that palaeodemography is futile if it is based on 
estimations of adult age at death because of the inaccuracy of these estimations. They 
declare that: 
`... the information conveyed by the age indicators is so poor that the age distributions 
thus available can hardly reflect anything but random fluctuations and errors of 
method. ' 
(Boquet-Appel and Masset 1982: 329) 
Their main point is that the true age distribution of a skeletal population is masked by 
the reference sample from which the standards used to determine age are derived 
(Buikstra and Konigsberg, 1985). In fact, the age distribution of a skeletal population 
more closely resembles that of the reference sample. Subsequent papers have 
maintained that demographic curves hold valuable information (Van Gerven and 
Armelagos 1983; Greene et al 1986), while others argue that they are meaningless 
because they were based on unreliable age estimations (Masset and Parzysz 1985; 
Bocquet-Appel and Masset 1985). Based on their review, Buikstra and Konigsberg 
(1985) disagree with Boquet and Masset's dismissal of current ageing techniques by 
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arguing that neither sex nor population appear to influence age determination. They also 
dismissed some of their criticisms on the grounds that they were based on data 
generated by techniques that are no longer considered useful. They did, however, agree 
that ageing adults, and in particular older adults, was problematic and could distort 
mortality profiles. 
Another important criticism was presented by Sattenspiel and Harpending (1983) in a 
paper which concluded that palaeodemography provides more information about 
fertility than it does about mortality, and in light of this, most conclusions of 
palaeodemographic studies should be revised. Sattenspiel and Harpending drew 
attention to the fact that mean skeletal age at death cannot be used to estimate life 
expectancy at birth in an archaeological population because this depends on a 
population being stationary. If a population was not stationary, mean age at death is a 
reflection of fertility not mortality; an increase in mean age at death means a decrease in 
fertility. Sattenspiel and Harpending suggested that it may be possible to predict number 
of births from life expectancy, but Horowitz et al. (1988) have argued that this is not a 
universal relationship; it does not apply in all situations. 
A final criticism is Wood et al's (1992) `osteological paradox' (see Section 1.5.4) 
which raised the issue that mortality profiles are not a very good reflection of the 
mortality and morbidity of a population because of heterogeneity in frailty and 
susceptibility to death, and selective mortality. Several papers have responded to this 
(e. g. Wood and Milner, 1994; Goodman, 1993; Jackes, 1992, and Saunders and Hoppa, 
1993). For example, Saunders and'Hoppa (1993) on sub- adult growth in survivors and 
non-survivors suggested that the effects of this selective mortality are small and not 
greatly detrimental to studies of population health. 
Based on these criticisms, many would argue that palaeodemography is a fruitless 
exercise. However, it may be argued that, regardless, it provides a useful tool for 
analysing archaeological populations. For example, it can highlight where sample bias 
has occurred and where this may be due to cultural or social factors (Brothwell, 1971; 
Grauer, 1991; Swedlund and Armelagos, 1976). Additionally, life table construction 
provides a useful means of summarising the mortality experiences of a population, 
facilitating comparisons with other populations and providing an insight to the presence 
of `stressors' within a population (Buikstra and Mielke, 1985; Grauer, 1991). 
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Konigsberg and Frankenberg (1994: 93) have argued that palaeodemography has 
become a much stronger field over the years for having `... weathered the criticisms'. A 
series of new methods of research have been proposed with the intention of reinventing 
the field in a '..... humbler and wiser form' (Jackes, 1992: 190). For example, 
palaeodemographers attempt to integrate results with theoretical questions, wider 
concepts of population processes through time and other forms of evidence, as well as 
techniques available to us through ecology, archaeology, history and statistics 
(Chamberlain, 2000; Hoppa and Vaupel, 2002; Konigsberg and Frankenberg, 2002; 
Littleton, 1998; Margerison et al., 2002; Milner et al., 2000; Roth, 1992). 
2.3 Applications of Palaeodemography to Archaeological Questions 
Palaeodemographic techniques have been used to explore a range of aspects concerning 
past societies, including questions such as how American indigenous mortality and 
fertility rates were altered by contact with Europeans and with the infectious diseases of 
the Old World (Jackes, 1992); whether the human life span has increased (Ascädi and 
Nemeskeri, 1970); whether life expectancy at birth has increased (ibid. ) and whether 
demographic changes are related to the origins of food production (Cohen and 
Armelagos, 1984). 
These studies indicate that age composition, sex ratios and parameters of the life table 
are a useful means of exploring socio-economic status. For example, the ratio of adult 
male deaths to adult female deaths can reflect differences in the mortality experiences 
of the two sexes, which may be correlated with living conditions (Brothwell, 1971, 
1972). In developing countries and most skeletal populations, female mortality exceeds . 
male mortality, whereas the reverse is true for developed countries (Lopez and Ruzicka 
1983, cited in Littleton, 1998: 50). Additionally, in pre-modem urban contexts, deaths 
among females will be high during the reproductive years because of the increased risk 
of death during pregnancy and childbirth, although this has not been proven for rural 
contexts (Grauer, 1991: 69; Roberts and Cox, 2003). 
Life table parameters have also been employed to explore socio-economic differences. 
For example, Green et al. . (1974) studied mortality patterns in a prehistoric Sudanese 
Nubian population and suggested a correlation with mortuary treatment, whereby 
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individuals buried under structures showed increased survivorship compared to those 
without. Green et al. (1974) concluded that these individuals might, therefore, have 
been of a higher status. 
Additionally, Grauer (1991) integrated mortality data with archaeological and historical 
evidence in her palaeodemographic analysis of morbidity and mortality patterns in the 
medieval assemblage from St. Helen-on-the-Walls, York, to examine the prevalence of 
`stressors' in this population, believed to be of low socio-economic status. It was 
expected that the life tables would reflect high sub-adult mortality and low life 
expectancy but instead, the results reflected the reverse. Grauer (1991) concluded that 
this was not because palaeodemographic techniques are insensitive to status, or that the 
status of the population was misinterpreted. She suggested that it was because the 
population was unstable due to the migration of females into York, which increased 
their risk of death as the result of exposure to new pathogens and `stressors'. 
Other work, has indicated the sensitivity of life tables to living conditions. For example, 
a recent study by Margerison et al. (2002) used life tables to compare an attritional 
population with a catastrophic population in order to see whether it was possible to 
define distinct demographic characteristics for each of these. They proposed that an 
indiscriminate catastrophic event may be distinguished by a low proportion of infants 
and 15-25 year olds, and a peak in death among young adults (ibid.: 141). This work 
emphasises the fact that while palaeodemography may serve to highlight such trends, it 
is unlikely that these will be identified in the absence of other archaeological and 
historical data. For example, a high mortality peak among the very young and the very 
old may be considered to correspond to the profile of an attritional population when in 
reality, this could potentially be caused by a disease that is particular to those age 
groups (ibid. ). 
2.4 Age'and Sex Estimation 
Age and sex estimation is the first essential step in palaeodemographic analysis. This 
may be achieved by the application of macroscopic and microscopic techniques to a 
range of biological features. Sex estimation involves the assessment of a whole suite of 
morphological and metrical traits and these primarily relate to the pelvis, the skull and, 
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where shown to be dimorphic in a given population, the size of the femoral and humeral 
heads. Techniques employed to estimate age are based on observations of the 
development of bones and teeth in children and young adults, and degenerative changes 
that the skeleton undergoes from the age of about 30 years (Brothwell, 1981; Cox, 
2000; Scheuer and Black, 2000). 
It is beyond the scope of this chapter to discuss ageing and sexing techniques in greater 
detail and these are reviewed in several primary texts, (e. g. Cox and Mays, 2000; 
Jackes, 2000; Saunders et al., 1992; Scheuer and Black, 2000; Ferembach et al., 1980). 
This chapter focuses on the specific problems that ageing and sexing techniques pose 
for palaeodemographic analysis (see Section 2.6.2). 
2.5 Palaeodemographic Techniques 
2.5.1 Life table construction 
There are essentially two types of life table that demographers construct; generation or 
current. Generation life tables are based on the experience of a single birth cohort, and 
in the absence of evidence such as gravestone data, it is not possible to employ this 
technique in palaeodemographic research. Current (also called synthetic cohort, or 
composite) life tables summarise mortality experiences across generations. This 
technique makes the assumption that the mortality and fertility experiences of a 
population are the same (Buikstra and Mielke, 1985: 395). When these tables are " 
constructed using archaeological populations, age intervals of several years as opposed 
to single years are employed, hence their name `abridged' life tables (ibid. ). 
A typical life table will include the age category (x), the number of individuals assigned 
to each age class (D (X)), the percentage of individuals in each age class (d (X)), 
survivorship (1 (X)), the crude probability of death (q (X)) in each age class, and the 
average life expectancy for individuals after a certain age. These are described in 
greater detail by Boddington (1987), Hassan (1981) and Ascädi and Nemeskeri (1970). 
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2.5.2 Model life tables 
Reference to model life tables is a popular technique employed by palaeodemographers. 
These present the average mortality experience of well-documented populations and are 
used to: 
..... identify bias in samples, to estimate shortfalls 
from life tables, or else to use those 
parameters suggested by each life table. ' 
Littleton (1998: 6-7) 
Essentially, three types of model life table are used: those of the United Nations (UN, 
1982), those produced by Weiss (1973) on anthropological populations, and those of 
Coale and Demeny (1983) on the typical mortality experience for European 
populations. Their use is not universally accepted; several problems are associated with 
them and these are reviewed elsewhere (e. g. Buikstra and Mielke, 1985; Gage et al. 
1989; Jackes, 1992; Littleton 1998). The main point is that they make the assumption 
that social and cultural factors (for example, response to disease, immune status, and 
infanticide) were the same for the model population and the archaeological population. 
Therefore, model life tables are not given further consideration in this thesis. 
2.6 Problems and Solutions in Palaeodemography 
The main challenges that palaeodemographers face relate to assumptions about the 
stability of populations, age and sex estimation, and sample bias. 
2.6.1 Assumptions 
. 
2.6.1.1 Population stability 
Stable population theory assumes that in a closed population (meaning there is no 
immigration or emigration of living individuals), fertility and mortality rates are 
constant (Chamberlain, 2000: 102). A population may grow or decline and this is 
determined by age-specific fertility and age-specific mortality schedules for the 
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population, its overall size, and its age structure. However, despite this, the sizes of it's 
different age classes will remain stable (ibid. ). 
Stability is perhaps the most problematic issue in life table construction (Littleton, 
1998; Milner et al., 2000). For example, a living, growing population will have a mean 
age at death that is below its true life expectancy age, and in a declining population, the 
true underlying life expectancy at birth will be lower than the mean age at death 
(Johansson and Horowitz, 1986). Thus, the faster a population grows, the more 
curvilinear and larger the displacement is (ibid. ). While it is widely recognised that 
growth or decline of a population has a considerable impact on the mortality data, 
palaeodemographers often do not attempt to account for this in their work (e. g. 
Mensforth, 1990). 
Particularly problematic is the fact that most palaeodemographers work with small 
populations, which are highly sensitive to sudden growth through stochastic 
fluctuations, and unless a rate of growth which tends towards the positive is maintained, 
they are liable to become extinct (Littleton, 1998). This latter point has been 
demonstrated mathematically (Weiss and Smouse 1976). It is questionable therefore, 
whether small populations can be assumed to have been stable. 
Weiss (1975) studied these fluctuations and argued that populations made up of a 
minimum number of 100 individuals have the ability to recover from small episodes of 
growth and decline within about 10 or 20 years. This is also supported by ethnographic 
data (e. g. Howell 1979). Littleton (1998: 5) states that the assumption that small 
populations were stable can be made if the following factors are taken into 
consideration: 1) the original population was of a sufficient size, 2) basic fertility and 
mortality patterns had been in place for several decades and 3) the population is not 
known to have been systematically disrupted in its recent history, which can be assessed 
from the archaeological record. 
2.6.1.2 Migration 
The rate of migration flow in a population is important to establish because the age 
structure, fertility rates and death rates of the migratory population in relation to that of 
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the original population can distort its mean age at death. Although is it not possible to 
account for this statistically (migratory flows do not have predictable characteristics), it 
is generally accepted that reciprocal migration is the most probable form of migration in 
small settlements (Littleton, 1998). 
Some specialists have attempted to account for migration by examining the prevalence 
and distribution of non-metric traits (e. g. Goodman et al., 1984). However, the role that 
the environment and genes play in their manifestation is largely unresolved (Tyrrell, 
2000). It is perhaps better to be aware of the range of possible effects that different 
types of migration can have on a population. For example, an increase in the number of 
infant deaths and in the number of old adult deaths in relation to young adult deaths, is a 
trend noted in populations where there is out-migration (Littleton, 1998: 6). The 
opposite is true in a population where there is " in-migration. Distorted age-at-death 
distributions are characteristic in villages located near large towns or cities that are 
losing their younger members to these places. In general, populations displaying an 
abnormal age structure and an. unstable age-at-death pattern are most unlikely to have 
been closed, or should at least be investigated for migration (ibid. ). 
Littleton (1998: 6) argues that the prevalence of certain pathological conditions may 
provide supporting evidence; if diseases that are more commonly associated with 
densely populated areas (e. g. infection) are prevalent in smaller, more rural areas, 
migration may have caused this. Palaeopathological indicators are extremely valuable in 
this and other aspects of palaeodemographic analysis, and this has been demonstrated in 
the work of Palkovich (cited in Littleton, 1998: 7). 
2.6.1.3 Stationarity 
Unless it can be determined whether a population was stationary or not, a low mean age 
at death can either mean that a population experienced short life spans dine to poor 
health or was in fact growing because of increased fertility (Sattenspiel and Harpending, 
1983; Section 3.2). 
A zero growth rate has often been justified on the grounds that the majority of growth 
rates for pre-industrial human populations were below 0.01% with more rapid and 
48 
permanent changes being relatively recent (Ascadi and Nemeskeri, 1970: 45; 
Chamberlain, 2000: 102). However, this is unsatisfactory. Imposing a stationary 
assumption on an archaeological population defeats the main goal of life table 
construction, which is to document change over time (Littleton, 1998). If a zero growth 
rate is assumed when in reality this was not the case, it makes comparison between life 
tables an empty exercise. This assumption may apply at a global level and over a large 
time span, but it may not necessarily be true at a more localised level. For example, 
studies of small hunter/gatherer or horticultural populations that existed over only a few 
centuries have generally shown fluctuating growth rates (Howell, 1979). 
It may be possible to justify a stationary state for populations that existed over several 
centuries (Weiss and Smouse, 1976). This is because small under-developed 
populations, unable to sustain growth, probably experienced stochastic fluctuations 
around a mean zero growth rate. For populations existing over shorter time periods, 
(less than 300-500 years), the assumption of stationarity is not justified; this accounts 
for*the majority of skeletal assemblages (Johansson and Horowitz, 1986). 
2.6.1.4 Estimating the rate of growth 
Bennett (1973) attempted to identify positive or negative growth by referring to the 
archaeological record. However, this proved unsuccessful. Rate of growth has also been 
estimated by comparing the number of different ages at death with numbers of survivors 
in model life tables in a method developed by Carrier (1958). However, this, approach is 
dependant on `.... strong prior notions about what the plausible range of growth rates is 
likely to be' (Milner et al. 2000: 483). Other methods have also attempted to estimate 
growth by using skeletal data to construct life tables or compare mortality profiles with 
model life tables (e. g. Paine, 1989). These approaches are limited, because such life 
tables are too inaccurate and incompatible with model life tables for this (ibid., Section 
2.5.2). 
Bocquet and Masset, (1977; 1996) used ratios derived from age-at-death data in order to 
avoid estimating population growth and the direct use of life tables. Regarded as the 
most easily identified and the least likely to be under-enumerated, this method focused 
on the age classes 5-15 and 20+. Mortality was then estimated at ages 1 and 5 as well as 
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the expectation of life by the use of regression equations which were derived from 
historical populations. Regression equations were also used to calculate various rates of 
growth. 
Buikstra et al. (1986) employed a similar technique, but used the theory that increased 
fertility results in decreased mean age at death (Sattenspiel and Harpending, 1983: 495). 
In light of the argument that this relationship does not apply in all situations (Horowitz 
et al., 1988; Section 3.2), they used it as a basis for comparing skeletal groups rather 
than using it for predicting numbers of births. This was done by comparing calculations 
of the ratio of deaths at 30+ to deaths at 5+ (or 20+ to deaths 5+) between different 
populations. The problem with this approach is that the relationship between the inverse 
of mean age at death and the crude birth rate is more erratic with higher life expectancy 
(Littleton, 1998: 8). Additionally, this technique is based on the mortality and fertility 
schedules of model life tables and it is assumed that the perceived relationship between 
the two is mirrored in skeletal populations (Wood et al. 1992). 
Turning to the archaeological record and historical sources is perhaps a better way of 
estimating growth or decline. In her analysis of the prehistoric populations from 
Bahrain, Littleton (1998: 9-10) considers a series of questions that relate to the 
archaeological record. These include: 
1. Was the settlement already established? 
2. What is the average population size derived from the cemetery? 
3. What length of time did the cemetery cover? 
4. Is there a nearby cemetery post-dating the cemetery being studied? 
5. In this time could the population have doubled.... increased tenfold? (in 500 years a 
tenfold increase is only a 0.004 or 0.4% growth rate). 
(Littleton, 1998: 10) 
Asking questions such as these serves to define the parameters against which growth 
may be estimated. 
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2.6.1.5 Population intervention or stochastic fluctuation? 
It is possible that groups made a conscious effort in the past to influence demographic 
patterns in response to underlying rates and, therefore, although small populations are 
highly sensitive to stochastic fluctuations (Section 2.6.1.1), it is debatable whether these 
trends hold true for all populations. For example, demographers have observed that 
most traditional European populations may have positively encouraged in-migration as 
a way, of recovering from their high death rates (Littleton, 1998). Therefore, the 
question must be asked whether changes in demographic patterns of small populations 
are due to stochastic episodes or the direct intervention of people. 
To address this issue, the isolation of skeletons into narrowly dated phases so that the 
demographics of each group can be compared in detail would be ideal. However, this is 
not a reality for most populations where fine dating is not possible. Computer 
simulation techniques are considered to be a useful way of tackling this issue (Roth, 
1992), and consideration of the archaeological and historical background may also be 
helpful. 
2.6.1.6 Biological uniformity 
Both demographers and palaeodemographers work with `incomplete or defective data' 
(Roth 1992: 175) and, as a result, they both employ indirect techniques. For 
demographers this involves employing a whole series of demographic rate estimates 
which are based on mathematical models of age specific mortality and fertility patterns 
(Roth, 1992). Palaeodemographers, whose populations are by definition 
`demographically inconvenient' (Leslie and Gage, 1989: 20) because ages and sexes are 
unknown, employ patterns of skeletal development and degeneration and male and 
female morphological traits that have been documented from reference populations. In 
both instances these techniques assume `biological uniformitism' (Howell, 1976: 26). 
This is described in the following way: 
`A uniformitarian position in palaeodemography implies that the human animal has not 
basically changed in its direct biological response to the environment'in processes of 
ovulation, spermatogenesis, length of pregnancy and rates of maturation and senility 
over time'. 
Howell (1976: 26) 
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2.6.2 Age and Sex Estimation 
2.6.2.1 Sex estimation 
The accuracy of sex estimation depends on the degree of dimorphism in a group and 
therefore, this will be more reliable in larger populations where the full range can be 
observed. Enormous variation in sexual dimorphism has been noted between groups 
(Buikstra and Mielke, 1985). In particular, metrical dimensions are subject to 
considerable variation depending on the population studied. Therefore, they may only 
be considered useful when applied to large populations in which morphological 
observations for each sex may be used to establish a metrical range that is specific to the 
study sample. 
Accuracy is also dependent on preservation and should take into consideration the entire 
skeleton where possible (Ferembach et al., 1980). Studies have demonstrated consistent 
success when sex is ascribed using the skull and the pelvis (the most sexually dimorphic 
elements of the skeleton). Together they yield results with 98% accuracy (Krogman and 
Iýcan, 1989: 112). 
The pelvis is the most important element for sex determination, exhibiting features that 
are directly related to functional and evolutionary differences between the sexes (Mays, 
1998; Mays and Cox, 2000). Sex has been ascribed using this element with a reported 
accuracy as high as 96% (Meindl et al., . 1985; Sutherland and Suchey, 1991). 
It has been claimed that sex may be estimated from the cranium alone with 80% 
accuracy (St. Hoyme and Iscan, 1989: 69) and, if the mandible is also present 90% 
accuracy (Krogman and Iscan, 1986: 112). Reliance on the skull can be problematical 
because sexual characteristics are highly dependent upon when puberty occurs and its 
duration (which can vary between individuals); male skulls tend to have a feminine 
appearance during puberty and the early twenties (Walker, 1995). Post-menopausal 
females may undergo increased cranio-facial robusticity and therefore exhibit features 
that have a more masculine appearance (ibid. ), although this is not supported in a study 
of specimens of known age and sex from Spitalfields, London (Mays and Cox, 2000). 
Genetics, cultural practices, diet and disease, and other such factors can also influence 
the development of features making some skulls appear more robust than usual (ibid. ). 
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This has largely resulted in the under-enumeration of females in some populations, 
especially those that were examined at a time when the skull was regarded with greater 
importance in terms of sex determination than it is today (Milner, et al., 2000). 
All sexing characteristics have the potential to be altered by pathology (for example 
rickets can alter the appearance of the pelvis and the skull), and sexual disorders such as 
those of a chromosonal, endocrine or phenotypic nature (Mays and Cox 2000: 125). 
Perhaps one of the biggest problems is the fact that there are still no macroscopic 
techniques available that are considered accurate enough to determine the sex of 
children. Sexual dimorphism is not distinct in children below the age of puberty and, 
therefore, most techniques used to sex sub-adults are generally regarded as unreliable 
by specialists (Brothwell, 1971; Mays and Cox, 2000; Saunders, 1992). Once the three 
parts of the innominate have fused, and provided preservation is adequate, sex 
determination can usually be attempted with this element, although this is only 
recommended for large samples for which the range of sexual dimorphism can be 
clearly established (Ferembach et al., 1980). Male characteristics may take years to 
develop in the skull after puberty and therefore this element should not be used (Cox, 
pers. comm. ). 
2.6.2.2 Age estimation 
A fundamental problem with age estimation is the fact that methods attempt to correlate 
ages based on non-linear biological changes with chronological age. Yet, living bone is 
a dynamic tissue that is subject to constant renewal, remodelling and repair in response 
to a multitude of extrinsic factors. Health, diet, status, genetic background, occupation, 
nutrition, and endocrine function, all influence age-related changes and these cause 
enormous variation within and between populations (Cox, 2000). 
This problem is exacerbated by the practice of referring to standards to arrive at an age 
estimate, since this makes the assumption that age indicators in the skeleton are uniform 
across all populations. The standards themselves are not ideal. These have been derived 
from reference populations that constitute both archaeological and modem specimens 
and which have their own in-built biases and weaknesses. For example, this includes 
small sample size, skewed age distributions, under- or over-representation of sexes and 
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races, and, for modern populations, genetic and socio-economic differences (Cox 
2000: 63). 
Some standards have also been devised from archaeological specimens where ages have 
been established through other ageing techniques, which themselves are not necessarily 
correct. This is in addition to the problem raised by Bocquet-Appel and Masset (1982) 
regarding the influence that standards have over the estimated age distribution of an 
archaeological sample (see Section 3.2). It has been said that because of this it is 
sometimes possible to determine the standards used to age a sample just from its age-at- 
death profile (Jackes, 1992). Additionally, most ageing techniques were not devised 
specifically to meet the requirements of palaeodemography, but were originally 
developed against a background of forensic anthropology. Thus, emphasis wasn't 
placed on age at the population level, but on the- accurate age estimation of the 
individual (Chamberlain, 2000). However, in palaeodemography, it is not so much the 
ages assigned to separate individuals, but the distribution of these ages that is important. 
Particularly problematic is the under-enumeration of adult age groups due to under- 
ageing adults, the inability to age older adults, and the inability to assign adults to an 
age category (Jackes, 1992). Studies on documented samples have demonstrated that 
methods consistently under-age individuals assigned to the 45+ year age group and 
over-age individuals assigned to the 30-40 year age group (Molleson and Cox, 1993). 
Only adults under about 30 years of age can be assigned to an age category with 
reasonable accuracy because degenerative changes can be assessed alongside 
developmental indicators (such as the iliac crest, and the clavicle), which are more 
reliable (Scheuer and Black, 2000). Jackes (1992) argues that despite the recognition of 
this problem, palaeodemographers frequently seek taphonomic and cultural 
explanations for adult under-enumeration to the exclusion of those relating to age 
estimation. 
There is still no reliable method for assigning age over 30 years and the inability to 
assign age beyond 45 years, or, depending on the technique used, 65 years makes it 
impossible to differentiate between the old and the elderly in a population. This not only 
limits our knowledge of longevity in the past but also seriously hampers the 
investigation of disease in older age categories. 
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Despite the inability to assign age beyond 45 or 65 years, it is common procedure to 
extend mortality curves by selecting an arbitrary final age or by using running averages 
(Boddington, 1987; Jackes, 1992). This is extremely variable depending on the 
techniques used and the opinion of the anthropologist about the longevity of the 
population they are working with. Jackes (1992: 214) has argued that setting a final age 
in a sample will result in depressed mean-age-at-death values. Margerison (1997) on the 
other hand, has demonstrated that life table parameters are not greatly altered by 
different final ages and that accuracy of age estimations have more impact on these. 
In each population there will be a group for which age cannot be determined, and in 
most populations this tends to mostly include mature adults (Jackes, 1992). If these 
individuals are excluded, and numbers of older adults are reduced, so too will the 
average age at death. It is recommended that rather than ignore them, un-aged 
individuals should be evenly distributed among all age categories or that cumulative 
graphing is employed (ibid. ). 
Although the last decade has seen a greater refinement of adult ageing techniques 
(especially those at a microscopic level, albeit on very small samples), there is now a 
growing tendency among anthropologists to move away from determining specific ages 
to assigning skeletons to an age rank order within a population. This emphasises using 
biological indicators as `categories of change during adult life' instead of as `age 
estimators' per se. (Jackes, 2000: 455). 
2.6.3 Sample Bias 
2.6 3.1 The demographic structures of archaeological populations are unknown 
Unlike demographers who can make use of birth and death registrations, fertility 
surveys and censuses of the living, the only data source that palaeodemographers have 
to work with is age at death. This means that inferences are being made about a living 
dynamic population based on a closed static population (Waldron, 1994). Thus, a peak 
in the mortality curve cannot necessarily be considered to reflect a higher disease 
burden in a particular age cohort because this is relative to the size of age cohorts in the 
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living population. This and other parameters have to be estimated by combining age at 
death and archaeological and skeletal data. 
2.6.3.2 Other factors that can bias a sample 
Waldron (1994: 12-16) discusses several extrinsic factors that can cause bias in samples 
and these include preferential burial treatment, preservation and excavation strategies. 
For example, where someone is buried, and their manner of burial is heavily determined 
by cultural, religious, social and economic factors, and these will have a very relevant 
impact on representation within a sample (Brothwell, 1972). For example, in the 
medieval period, preferential burial treatment was afforded to high status individuals 
(see Section 1.6.3). Children may also receive differential treatment; among the 
middle/upper class burials at Spitalfields infants tended to occupy the same burial 
location as their parents, but older children rarely so (Molleson and Cox, 1993). 
Similarly, a cremation will have a different impact on survival and representation to a 
plain internment or mummification. 
Human bone preservation can be affected by numerous factors such as soil conditions, 
animal and root activity, bone size, bone density, age, sex and health status of the 
deceased; the disturbance and truncation of graves, and bioturbation (Boddington et al., 
1987; Chamberlain, 2000; Henderson, 1987). It has been demonstrated that these factors 
can result in considerable variation both within a cemetery and within a single grave 
(Waldron, 1987). The remains of individuals with smaller, less dense bones (namely 
females, the elderly and ' children), are potentially more likely to be underrepresented 
because of preservation (Walker et al., 1988). Preservation is considered to be the most 
influential factor affecting the recovery of children, especially infants because their 
small, fragile bones have a lower, tolerance than adult skeletons (Scheuer and Black, 
2000). This may, however, be influenced by soil PH values (Mays, 1992; Saunders, 
1992). Infant bones are also more easily overlooked in an excavation because they often 
occur with adults, are not easy to identify, and may have less elaborate graves 
(Chamberlain, 2060). 
In addition to the under-ageing of adult skeletons, the under-enumeration of infants 
results in a concentration of individuals assigned to the age categories between 15 and 
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45 years, (Jackes, 1992). Guy et al. (1997) argue that the peak in deaths at around the 
age of two or three years that is usually reflected in populations is more likely to be the 
result of taphonomic processes than weaning, as has previously been argued. These 
authors state that the skeleton undergoes a rapid tranformation in children between the 
ages of two and three years when they start to walk; bone changes from its fragile infant 
structure to take on the more robust structure of adult bone. More robust bones means 
that infants of this age are better represented in the archaeological record, artificially 
skewing the mortality curve. 
As well as preservation, it is very rare that a cemetery will be completely excavated, 
especially in the present climate of developer funded archaeology. The physical extent 
of cemeteries is not always realised during excavation and therefore, numbers cannot 
usually be predicted based on this - Llandough is a good example, (see Section 1.6.1.3). 
At each stage of an archaeological project information is lost from the excavation 
through to processing, transportation and curation of the material. 
2.7 Ways of Identifying and Addressing Bias 
Although it is not possible to account for all biases that may be present it is nevertheless 
important that investigators are aware of them. Failure to identify bias has the potential 
to obscure real population trends and limit interpretations (Margerison, 1997: 154). For 
example, Grauer (1991; Section 3.3) has demonstrated how a skewed mortality profile 
may be associated with socio-economic processes that are only revealed by identifying 
bias when considering this alongside historical and archaeological sources. 
It is recognised that an appropriate way to identify bias caused by ageing and sexing 
techniques is to employ a multiple indicator approach (Cox, 2000; Van Gerven and 
Armelagos 1983; Ferembach et al., 1980). Inter- and intra-observer error tests to 
highlight where discrepancies lie are also desirable (e. g. Saunders et al., 1992), as is the 
assignment of adult ages in broad categories (Ferembach et al., 1980). Although these 
methods do not remove bias, they do at least serve to indicate where bias has resulted 
from methodological approaches as opposed to cultural, socio-economic and other 
factors. 
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Other methods involve reference to model life tables (see Section 3.5.2). As well as 
comparing entire samples, age classes have also been independently analysed. Jackes 
(1992) discusses selecting the least biased age classes of a population as suggested by 
the archaeological record and comparing the ratio of age at death with that of a model 
population. Another technique employs' an index of dissimilarity to test the degree of 
correspondence between mortality curves (Weiss, 1973). This method is generally not 
considered reliable on the grounds that it reflects the degree to which a sample size is 
effective instead of measuring the fit between curves (Littleton, 1998: 9). 
In unbiased pre-industrial populations the expected mortality profile should 
approximate the U-shaped curve that is characteristic of undeveloped countries: the 
highest number of deaths occur in the youngest and oldest age categories (Waldron, 
1994). Additionally, the mortality characteristics of an unbiased archaeological 
population are described thus: 
1. More deaths occur in the first year of life than at 5 years; 
2.30-70% of deaths occur before 15 years of age and 
3. The number of deaths between 15 and 19 years is higher compared to deaths 
between 10-14 years. 
(Littleton, 1998: 56) 
Weiss (1973: 46-47) recommends that the probability of dying at birth will be less than 
at age 15 years and the probability at age 15 years will be less than the probability at 
age 10 years in a biased sample. Brothwell (1971: 115) suggests that as a rough guide, 
the proportion of infants to the proportion of those less than 20 years should be between 
4: 1 and 4: 3 in a `normal' population. Brothwell (1981: 74) also suggests that if the ratio 
of adult female deaths to adult male deaths does not approximate 1: 1, cultural or social 
factors may have caused the under- or over-enumeration of either sex. 
Ways of addressing infant under-enumeration have involved omitting the age classes 
0,1,5, and 10 years, when calculating the probability of death because it is argued that 
these calculations tend to reflect likelihood of recovery rather than mortality trends 
(Buikstra and Konigsberg, 1985). However, by leaving out these age classes, it is 
argued that this leads to analysis of a biased population (Roth, 1992). Important trends, 
e. g. real omissions and not bias may go undetected. 
58 
Jackes (1992) used mean childhood mortality (q values) derived from the age groups 5- 
25 years to examine mortality in pre- and post-contact periods in America, as well as 
the Portuguese transition to horticulture. This method was selected because q values are 
not affected by the under- or over-enumeration of infants, unlike adults where unaged 
individuals have to be assigned to a broad age range of, for example, 30 or so years. 
With a starting age category of five years, the infants and children below this age, for 
which representation is the most biased, are omitted. 
Brothwell (1971; 1981) explored under-enumeration by selecting three contrasting 
populations (Greek, Nubian and Egyptian) and compared the prevalence of childhood 
mortality in the form of bar charts. The enormous variation between these populations 
served to indicate where cultural bias had occurred and suggested that the Greek 
population was least affected by bias because it showed the highest infant mortality rate, 
a trend that is expected in most `normal' populations. However, careful attention to the 
archaeological. record and other skeletal indicators is important; assuming that low 
infant mortality is always caused by cultural bias means that `true' patterns could be 
missed (ibid. ). Additionally, the presence of an osteologist on site during the excavation 
of a cemetery can maximise the recovery of elements, and where remains will not 
survive lifting, maximise the amount of information that can be extracted from each 
grave (Mckinley and Roberts, 1993). 
2.8 Summary 
Previous work has demonstrated that palaeodemography has a valuable contribution to 
make to the study of socio-economic status in archaeological populations. However, 
there are many factors that make this a difficult exercise; present ageing methods are 
known to yield biased results, assumptions have to be made about population stability, 
rate of growth and biological uniformity, and factors relating to preservation and 
excavation can result in the under- or over-enumeration of certain individuals. Although 
it is not possible to overcome all of these biases, it is important that they are not 
ignored. Failure to do so means that real trends may be missed and results 
compromised. Therefore, in order to maximise the level to which palaeodemographic 
data may be interpreted, a conservative approach that carefully assesses the factors that 
are likely to have caused bias, and combines palaeodemographic analysis with 
palaeopathological and archaeological data, is essential. 
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CHAPTER THREE 
SKELETAL MARKERS OF NUTRITIONAL STATUS 
This chapter reviews the main nutrition related conditions that might be examined in the 
human skeleton, focusing on methodologies, limitations and, in particular, previous 
studies of these conditions as indicators of status. 
3.1 Introduction 
Whether related to dietary deficiency or dietary excess, nutritional status is a crucial 
element of social reconstruction in the past since it can differentiate between groups by 
indicating differential access to material and nutritional resources (Morris, 1992). 
Nutritional status may be defined as `the state resulting from the balance between the 
supply of nutrients on the one hand and the expenditure of the organism on the other. ' 
McLaren (1976: 3). As such it not only embraces exploring the type, quality, and 
quantity of diet, but also involves analysing other factors such as workload and disease 
status since these can all affect access to and utilisation of nutrients. 
There are a range of pathological conditions and anthropometric traits that may be 
assessed in bones and teeth to explore these factors. It is beyond the scope of this thesis 
to consider all skeletal changes that could be included here and attention will be given 
to those that can be sufficiently examined at a macroscopic level, and can be 
realistically studied in a large skeletal sample such as Llandough. In particular, growth 
has been excluded because, although it is widely recognised that this is a highly 
sensitive indicator of the interaction between humans and, their environment (Johnston 
and Zimmer, 1989; Saunders, 1992; Tanner, 1978; 1981), such analysis is severely 
hampered by small sample sizes; the fragmentary nature of the Llandough collection 
and the drastically small number of children that had complete long bones has precluded 
such analysis in the present study. Although there have been successful attempts to 
address this problem (Hoppa, 1992; Hoppa and Gruspier, 1996), protocols at this level 
are too detailed for a broad based study such as this. 
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Additionally, although dental conditions (e. g. caries, abscesses and periodontal disease) 
are widely acknowledged to be very valuable indicators of nutrition, status and more 
generally skeletal health (e. g. Cucina and Tiesler, 2003; Hillson 1986; Roberts and 
Manchester, 1995), their inclusion (with the exception of enamel hypoplasia), has been 
beyond the scope of the present study; recording dental conditions in the detail that is 
considered sufficient by most specialists (Buikstra and Ubelaker, 1994; Hillson, 1986) 
was in this instance in-practical. Enamel hypolasia is considered to be an exception here 
because of all the skeletal indicators examined in this study, this has received perhaps 
the most attention in relation to status and therefore warrants analysis. 
This chapter focuses on conditions that may be broadly categorised as those that relate 
to metabolic disorders, infection, and final achieved height. Conditions relating to 
workload experience are discussed in Chapter Five. 
3.2 Metabolic Disorders 
This refers to a group of conditions that cause insufficient or excessive bone production, 
or excessive de-ossification of existing bone (Mays, 1998: 127). Although some 
metabolic disorders can arise as a result of non-dietary factors such as an hormonal 
imbalance, there are several that are caused by an imbalance of one or more components 
in the diet. They include conditions that induce a diagnostic skeletal response such as 
vitamin deficiencies, and those that are non-specific in nature such as, cribra orbitalia, 
porotic hyperostosis, and Harris's lines. The relationship that this latter group has with 
nutrition is very complicated because a whole combination of factors are thought to 
bring about their manifestation in bone. For example, for people living in environments 
in which parasites are a major problem, a deprived iron status may not necessarily be 
considered detrimental to health; it can have a protective effect whereby the host tries to 
withhold iron from the organism (Weinberg, 1992; Section 3.5.1). 
3.2.1 Stress indicators 
Cribra orbitalia, porotic hyperostosis and Harris's lines are among a group of non- 
specific lesions that are frequently referred to in the literature as stress indicators. 
Infection (Section 3.7) and enamel hypoplasia (Section 3.9) are also included in this 
group. It is believed that they reflect an episode of physiological stress encountered 
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during the growing years and when studied together it is argued that they give the 
clearest picture of the interaction between people and their environment (Boylston et al., 
1998: 230). 
Studying stress indicators in archaeological human bone became popular during the late 
70s. Instead of focusing on the identification of specific diseases in bone, it encouraged 
the analysis of lesions that cannot be precisely diagnosed, but which together give an 
overall impression of the burden of disease in the past. Wells (1967) and Goodman et 
al. (1988) have, in particular, contributed to the development of this approach to 
palaeopathology in their papers on Harris's Lines and concepts of stress. 
Stress indicators have received perhaps the greatest attention in studies carried out 
during the 80s. These examined the impact on human health of the transition from 
hunting and gathering to agriculture in prehistory (e. g. Cook, 1984; Goodman et al., 
1984; Rose et al., 1984). These studies suggest that although physiological stress 
affected early hunter-gatherer populations, they were not characterised by severe 
chronic stress. In contrast, chronic and-life threatening malnutrition and disease was 
experienced by most sedentary Neolithic populations under intensive agriculture 
(Roosevelt, 1984). It is suggested that population pressure leading to stratified societies 
were catalysts for malnutrition and disease in the Neolithic (ibid. ). However, these 
findings are clouded by the fact that the transition to agriculture did not necessarily take 
place at the same time everywhere, and some societies would not have adopted 
agriculture for various reasons (and some would have practised both). 
Conditions that can cause stress (variously referred to as stressors, insults, and noxious 
stimuli) include those related to diet (such as annual food shortages) and other factors 
such as infections, climate and social changes (such as wars) (Ribot' and Roberts, 1994). 
Despite the many factors that can cause physiological disruption, the skeleton responds 
in a restricted way and therefore the lesions are non-specific responses to multiple 
stimuli (Selye, 1973). Stress indicators are expressed in the growing years when the 
skeleton is more susceptible to insults. They are therefore a reflection of stress 
encountered during childhood. 
Although Harris's lines have been widely recorded to document stress in archaeological 
populations (e. g. Goodman et al., 1988), they are excluded from the present study 
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because their value as an indicator is, today, generally regarded with scepticism (Lewis 
and Roberts, 1997). 
3.3 Vitamin C Deficiency 
Vitamin C (ascorbic acid) forms an essential part of many of the body's metabolic 
processes. For example, it is necessary for the absorption of iron, it helps the body fight 
infection, and it is necessary for creating new body tissues, the most important of these 
being collagen which forms the main protein component of connective tissue such as 
skin, cartilage and bone (Stuart-Macadam, 1989b). Insufficient amounts of vitamin C 
can lead to scurvy in which there is haemorrhage in the skin, gums, joint spaces, and 
subperiosteal regions (Zimmerman and Kelley, 1982). This can trigger a skeletal 
response where sub periosteal new bone is formed and periodontal disease (a condition 
where the alveolar bone is resorped and the tooth roots are exposed), is common due to 
bleeding gums. Periosteal new bone can appear anywhere on the skeleton, although 
Ortner (1984) and Roberts, (1987) suggest that it has a predilection for the orbits, the 
temporal bone and the jaws. Thus, scurvy is diagnosed palaeopathologically by the 
presence of periostitis (the bony reaction to haemorrhage), ante-mortem tooth loss; 
periodontal disease, haemorrhage into joints and radiopaque lines on radiographs of 
long bones, (Roberts and Manchester, 1995: 171). 
Scurvy usually develops due to extreme living conditions and it is associated with 
natural or social. disasters or specifically culturally derived behaviours (Stuart- 
Macadam, 1989b). Although more common among infants and men, it can affect any 
age group (ibid. ). Because of greater demands during growth, scurvy manifests itself 
much more rapidly in children than adults who can take several months to respond to 
this deficiency due to the amount that can be stored in the body. 
3.3.1 Vitamin C deficiency in archaeological human bone 
Wells (1975) diagnosed scurvy in seven Anglo-Saxon skeletons from East Anglia, 
England and suggested that this condition may account for many of the alveolar osteitis 
and endentulous jaws that are encountered in medieval cemeteries. Maat (1982) 
examined scurvy in an assemblage of 17th to 18th century skeletons of Dutch whalers 
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buried on the Arctic island of Zeeusche Uytkyck. According to historical records, this 
condition was common among these' whalers. The extraordinary preservation of the 
specimens meant that the bony manifestations of this disease could be recorded in 
detail. This is perhaps the most detailed study of scurvy in archaeological bone to date. 
Reports of scurvy in the palaeopathological literature are generally scarce. This may 
suggest that there were substantial amounts of vitamin C available in the past, or it 
could mean that it is not being recognised, or it is being misdiagnosed. The latter 
explanation is more likely; hyperplasia can easily be mis-interpreted as evidence for 
anaemia, and reactive bone formation and porosity can also occur as the result of 
infection and other inflammatory conditions (Ortner and Ericksen, 1997). This point has 
been the focus of several papers in recent years that are largely the result of a survey 
undertaken by Ortner on skeletal material housed at the National Museum of Natural 
History, Washington, DC (Ortner and Ericksen, 1997; Ortner et al., 1999; Ortner et al., 
2001). Key points arising from the work are: 
1. porosity and/or hypertrophic bone occurring on the sphenoid are probably 
pathogonomic of the disease because of their anatomical location, association with 
chewing, and their correlation with inflammatory changes on other parts of the skull 
(Ortner and Ericksen, 1997). 
2. It is likely that multiple lesions affecting the skull are caused by scurvy (ibid. ). 
3. Porosity in the orbits tends to accompany these changes and therefore, unless 
evidence for marrow hyperplasia is present, an alternative diagnosis such as scurvy 
should be considered (ibid.; Ortner et al., 1999). 
4. ' Scurvy may be present in addition to other nutritional conditions. For example, it is 
known to occur with rickets (Ortner and Ericksen, 1997; Ortner et al., 1999). 
5. Skeletal changes associated with scurvy are more likely to be observed in skeletons 
that died in infancy and early childhood. Growth occurs at a much faster rate in this 
age group and therefore, the likelihood of developing defective blood vessels is 
greater; these individuals with scurvy are more likely to experience chronic bleeding 
than other age groups with scurvy (Ortner et al., 1999). 
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6. If porosity extends along the shaft of a long bone for more than 5-10mm 
from the 
metaphysis then the changes may be abnormal and related to scurvy rather than 
be 
normal growing bone (Ortner et al., 2001). 
7. Previous studies of scurvy have placed great emphasis on changes in the cranial 
vault, but other regions of the skeleton such as the scapula should also be considered 
(Ortner et al., 2001). 
3.4 Vitamin D Deficiency 
Rickets is a disease of infancy and childhood and is mainly caused by insufficient 
amounts of vitamin D (calciferol). This is a condition that disrupts the mineralisation of 
growing bone and is characterised by non-calcification of osteoid in areas where 
osseous tissue is being laid down (Zimmerman and Kelley, 1982). Vitamin D deficiency 
can result from a poor diet or lack of exposure to ultraviolet rays. Ultraviolet rays play a 
more critical role in rickets than diet because they account for 90% of the body's intake 
of vitamin D (Stuart-Macadam, 1989b: 206-7). This is reflected in the tendency for this 
disease to be more prevalent in urban and industrialised settings; for this reason. it is 
often referred to as a disease of civilisation (Roberts and Manchester, 1995: 174). In 
addition to vitamin D deficiency, chronic intestinal disorders, insufficient amounts of 
calcium and phosphorus in the diet, and chronic renal tubular failure, are also among the 
aetiological factors associated with rickets (Zimmerman and Kelley, 1982). 
The softening effect that rickets has on bone causes problems in the weight-bearing 
bones of the skeleton; the legs bend and deform once a child starts walking and 
muscular contraction deforms other bones that are also softened (Roberts and 
Manchester, 1995). Other skeletal changes include widened ends of longbones as- a 
result of the growth plates increasing in length and width due to an excess of 
unmineralised cartilage, the development of nodular prominences on the costochondral 
areas of the ribs, thinned skull tables and an altered pelvic inlet diameter due to 
contraction of the pelvis (Aufderheide and Rodriguez-Martin, 1998). 
Adults may also be affected by softened bones (osteomalacia) and, in addition to 
vitamin D deficiency, this may be caused by general malnutrition. In particular, general 
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malnutrition includes, deficiency in protein, fat, or calcium, either through malnutrition 
or due to. diseases where there is an extreme loss of calcium (e. g. kidney or intestinal 
disease), (Ortner and Putschar, 1985). In this disease, decalcified osteoid replaces 
structured osseous tissue (Zimmerman and Kelley, 1982). It is more common among 
adolescent or young adult females (ibid. ). Classic skeletal manifestations are kyphosis, 
scoliosis, bowing of long bones (in severe cases), fractures and deformed pelves 
(Aufderheide and Rodriguez-Martin, 1998). 
3.4.1 Rickets and osteomalacia in archaeological human bone 
Rickets and osteomalacia are rarely identified in archaeological human bone because 
diagnosis is hindered by the fact that childhood rickets in adult bones can be obscured 
by bone remodelling, and some of the changes associated with osteomalacia (e. g. 
kyphosis or scöliosis) can accompany other diseases. Some argue that these conditions 
cannot be confirmed without radiological and microscopic investigation (e. g. Blondiaux 
et al., 2002). 
Most examples that have been reported in the literature focus on healed lesions (e. g. 
Staurt-Macadam, 1989b), although in the last five years greater attention has been given 
to the description and distribution of active cases (Ortner and Mays, 1998). This 
emphasises the distribution of abnormal porous lesions in addition to bending 
deformation (ibid. ). It also draws attention to the fact that such lesions may be mistaken 
for anaemia and changes associated with this disease can occur alongside other nutrition 
related conditions (ibid. ). 
Other research has indicated that rickets was uncommon in antiquity but has become 
more prevalent with the growth of industrialised communities; only 9 out of 800 
medieval monastic skeletons examined by Moller-Christensen showed evidence for 
rickets compared to at least 20 children and 15 adults out of 968 post medieval 
skeletons from Spitalfields in London (Roberts and Manchester, 1995). 
Ortner and Mays (1998) studied evidence' for rickets in the medieval skeletal sample 
from Wharram Percy, North Yorkshire and identified 'active rickets in the sub-adult 
sample, but no cases of healed rickets in the older sub-adult and adult samples. They 
suggested that this could mean: 1) these were sickly children who were kept indoors out 
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of the sunlight as well as healthier children who were not kept indoors and acquired 
rickets; or 2) rickets was common in this population and individuals with the disease 
regularly went onto recover and show no trace in adult-hood because their bones had 
fully remodelled (ibid : 54). 
3.5 Cribra orbitalia and Porotic Hyperostosis 
These are visible on dry bone in the form of small porosities or large inter-connected 
trabeculae and they are believed to represent iron deficiency anaemia (Stuart-Macadam, 
1991). They occur on the roof of the orbits (cribra orbitalia) and the on the frontal, 
parietal and occipital bones of the skull, vault (porotic hyperostosis). Iron deficiency 
anaemia is defined as the reduction in the normal concentration of red blood cells or 
haemoglobin (Wintrobe, 1974). It is a condition where the bone marrow, in an attempt 
to compensate for this loss, produces more red blood cells at as much as ten times the 
normal rate (Stuart-Macadam, 1985). This leads to the physical expansion of the diploic 
space, thinning and destruction of the outer table of the skull, and the trabecular bone 
takes on a `hair-on-end' appearance (El-Najjar et al., 1976; Ponec and Resnick, 1984). 
It is thought that the changes seen in dry bone are the result of the bone marrow 
hyperplasia (Caffey, 1937). 
Due to a difference in bone marrow physiology, individuals who experience anaemia in 
adulthood do not develop lesions in their skeleton (Stuart-Macadam, 1985). Therefore, 
lesions encountered on adult skeletons are believed to represent episodes of anaemia 
that occurred during the growing years when the bones are more susceptible to changes 
caused by the condition (ibid. ). This ' means that, in a given population, a higher 
prevalence of anaemia among children than adults does not suggest that more children 
were anaemic than adults. 
It may not, therefore, be possible to determine the adult prevalence of anaemia, nor 
investigate its age and sex distribution but, nevertheless, adult frequencies provide a 
useful retrospective analysis of how populations have been affected by the condition. 
The 'overall frequency within a population can also prove a useful way of assessing the 
general degree to which groups are affected by anaemia, especially when it is compared 
with other skeletal markers. For example, the relationship between lesions and age at 
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death suggests that individuals with cribra orbitalia have a higher mortality rate (Huss- 
Ashmore et al., 1982). 
3.5.1 Aetiological factors associated with anaemia 
There is considerable discussion in the literature about which form of anaemia (genetic 
or acquired) was experienced by different populations (e. g. Angel, 1967; Roosevelt, 
1984 and see Larsen, 1997: 33-40). It is generally accepted that the acquired form 
accounts for most cases (Mensforth et al., 1978); the condition occurs in archaeological 
contexts where the inherited form was not present, such as the Americas and Australia 
(Larsen, 1997). In Britain, the inherited form is rare and therefore, most bony lesions 
associated with anaemia are considered to be acquired (Boylston et al., 1998). 
Of the factors that may contribute to acquired anaemia, several have been implicated. 
Early studies (e. g. El-Najjar, 1976) interpreted lesions solely in terms of a deficient diet 
but it is now widely acknowledged that it is not possible to make inferences about a 
population's' diet based on the prevalence 'of this lesion alone (Stuart-Macadam and 
Kent, 1992). An association between diet and anaemia has not been demonstrated in 
some, studies (Stuart-Macadam, 1989a) and parasitism, chronic blood loss, and lead 
poisoning can also be responsible (Mensforth et al. 1978; Stuart-Macadam and Kent, 
1992; Stuart-Macadam, 1991). A depleted iron' status may also be associated with 
infection whereby iron is withheld from invading micro-organisms thereby preventing 
microbial growth; it is a defence mechanism against increased. pathogen loads 
(Weinberg, 1992). Acquired anaemia may therefore be regarded as a response to 
multiple stressors (Walker, 1986). 
3.5.2 The relationship between orbit and vault lesions 
Walker (1985) is among several specialists who argues that cribra orbitalia is one of the 
earliest signs of anaemia and the changes that occur on the vault occur subsequently to 
this. However, geographical variation in the prevalence, severity and the sites involved, 
has been widely demonstrated (Larsen 1997) reflecting a more complicated picture. For 
example, despite the common occurrence of orbital lesions, vault lesions are generally 
less severe in European samples compared to North American samples (Lewis and 
Roberts, 1997). In Australian samples, orbital lesions have been found to occur more 
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commonly than vault lesions (Webb, 1995), but in prehistoric Ecuador, vault lesions are 
more common (Ubelaker, 1992). 
The reason for this variability is not clearly understood. Several theories have been 
proposed to explain this phenomenon and among these are: 
1. Vault lesions may represent a more severe form of anaemia (Stuart-Macadam, 
1991). 
2. Variation in lesion location represents different types of stress (Dickei, 1988 cited in 
Larsen, 1997: 31). 
3. The lesions share the same aetiology and this is supported by palaeopathological 
and clinical evidence (Stuart-Macadam, 1989a; Walker, 1985). 
4. Orbit and vault lesions are either of a different aetiology or, orbit and vault lesions 
have different aetiologies in America and Europe because no association between 
orbit and vault lesions was identified in a study of British material (Wiggins, 1991). 
Despite our inability to understand the relationship between cribra orbitalia and porotic 
hyperostosis, both lesions are frequently referred to collectively as porotic hyperostosis, 
sometimes without any distinction being made between the two (Angel, 1966a; Walker, 
1985, Larsen, 1997). However, until more is understood it is arguably more informative 
to refer to these separately (Lewis and Roberts, 1997). 
3.5.3 Recording Systems 
The classification scheme devised by Stuart-Macadam (1985; 1991), or a version of this 
scheme (Buikstra and Ubelaker, 1994), is commonly employed to record cribra orbitalia 
and porotic hyperostosis. This classifies changes into categories of severity based on the 
size of porosities. Some researchers have also attempted to classify lesions as `active' 
or `not active' depending on whether the porosities have sharp (unhealed), or smoothed 
(healed), edges (Mensforth et al., 1978). These systems serve to highlight differences 
between groups and sexes (Stuart-Macadam, 1991), although some results have shown 
little difference in terms of severity (Ribot and Roberts, 1996). 
These systems must be employed with caution; clinical findings show that some 
individuals with severe anaemia do not develop bone lesions and, based on radiographic 
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identification, only 50-75% of patients with varying types of anaemia develop lesions 
(Stuart-Macadam, 1991: 105). Limited understanding of the physiology behind cribra 
orbitalia and porotic hyperostosis means that the association between lesion type, stage 
of illness and the pathogenesis of this condition, remains unclear (Stuart-Macadam and 
Kent, 1992). 
Based on inter-observer error tests, Jacobi and Danforth (2002) have argued that there is 
great variation between observers when scoring the severity and status of lesions. They 
state that current classification systems need refinement; there should be more detailed 
definitions and photographs that illustrate maximum and minimum examples of each 
score. In particular, efforts should be made to increase the consistency with which the 
status of lesions are scored (ibid.: 256). 
3.5.4 Studies of Cribra orbitalia and Porotic hyperostosis in archaeological human 
bone 
Most studies of these conditions relate to prehistoric populations (especially from North 
America), although significant contributions have been made by Stuart-Macadam 
(1991) who carried out one of the most detailed British surveys of skeletons excavated 
from the Roman cemetery at Poundbury, and Angel who examined over 2,000 
prehistoric crania from the eastern Mediterranean region (1967). 
There are a few examples where cribra orbitalia and porotic hyperostosis have been 
examined to explore status. In their study of porotic hyperostosis in elite and non-elite 
individuals from the late prehistoric Cahokia site, Illinois, Rose and Hartnady (1987, 
cited in Larsen, 1997: 39) reported a higher prevalence among those of a low status. 
Similar trends have been noted in samples from prehistoric Mississippian sites (Larsen, 
1997). These studies imply that individuals of a high social standing are less susceptible 
to the stressors (such as poor diet, poor sanitation, and poor health care) that may 
contribute to the condition. However, contrary to this, a prevalence of 34.06% (skull 
and orbital lesions) was observed in an 18th century middle class crypt sample from 
Spitalfields, London, compared to 15.38% in a 17th century sample of low status 
Londoners (Molleson and Cox, 1993: 42). This difference was attributed to a changing 
environment and possibly infant feeding practices (ibid. ). 
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3.6 Diffuse Idiopathic Skeletal Hyperostosis (DISH) 
This is a condition about which very little is known and, although it has an association 
with metabolic disorders, it is not classed as such in the literature. DISH, or Forestier's 
Disease, is a disease of ligaments and entheses, (sites of tendon insertions) and is 
characterised by proliferative new bone formation. DISH is of unknown aeitiology, 
although is has the following epidemiological features: 1) it is more common in males 
than females, 2) it is associated with late onset (type II) diabetes and obesity, and 3) it 
is more prevalent in older age groups (Rogers and Waldron, 2001). It is because of its 
associations with obesity and diabetes that it has been included in this section. 
Changes in the spine, which result from ossification of the anterior longitudinal spinal 
ligament, are typical of DISH. Rogers and Waldron (1995: 51-52) describe these 
changes as: fusion of at least four contiguous thoracic vertebrae (usually down the right 
hand-side because the aorta usually runs down the left), retention of disc space, no 
involvement of the apophyseal joints, and large osteophytes that have been described as 
having the appearance of dripped candlewax. In some instances there is no ankylosis, 
but there is ossification of the longitudinal ligament which involves `many' (ibid.: 51) 
adjacent vertebrae. In a more recent statement of their diagnostic criteria, Rogers and 
Waldron (2001: 362-363) specify that at least three vertebrae should be involved and 
these can be fused or just display hyperostosis. These changes must occur on the right 
hand side (usually) and involve the ossification of extra spinal ligaments and/or 
entheses (ibid. ). 
Lumbar and cervical spines can be involved in this disease, although in these cases 
fusion is not limited to the right hand side (Resnick and Niwayama, 1976). Paraspinal 
ligaments, such as the ligamentum flavum, the supraspinous ligaments, - and the 
ligaments of the sacrum, can also ossify (Rogers and Waldron, 1995). Despite the 
spectacular appearance of these changes, they are known not to cause much discomfort, 
apart from some stiffness (Dieppe, pers. comm. ). 
Extra spinal manifestations of this disease involve the ossification of any entheses. The 
most common sites where this occurs are around the elbow, along the back of the femur, 
on the anterior surface of the patella, on the anterior of the calcaneus, and on the 
tuberosity of the proximal tibia-(see Section 4.3.1). In addition to this, it is also possible 
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for individuals with this disease to calcify soft tissues, such as cartilage and blood 
vessels, although this is not pathognomonic of the disease on its own. 
The tendency for some individuals to have ossified entheses, calcified soft tissues, large 
marginal osteophytes, and fused sacro-iliac joints has been noted by Rogers and 
Waldron (1989b; 1995) who describe this group as `bone formers'. These individuals 
may go on to develop DISH which is thought to be associated with this bone forming 
phenomenon (ibid., and see Section 4.3.1). 
The prevalence of DISH is thought to have been similar in the past as it is to today 
(Rogers and Waldron, 1995), normally affecting fewer than 5% of 'a population 
(Waldron, 1985). However, DISH is relatively under-reported in the palaeopathological 
literature. Early descriptions mis-interpreted the changes as ankylosing spondylitis (also 
a disease of entheses, but one which has distinct epidemiological features), and 
therefore, it largely went undocumented. More frequent reports of the condition appear 
in the recent literature, and these refer to cases that derive from a range of sites dating 
from the Neolithic to recent times (e. g. Arcini, 1999; Mays, 2000a;, Rogers and 
Waldron, 1995; 2001; Waldron, 1985). 
Examination of the distribution of individuals with DISH in burial grounds has linked 
this condition with socio-economic factors whereby a significantly higher prevalence 
has been found in areas of monastic " burial - grounds reserved for high ranking 
individuals, such as benefactors and monks. For example, Rogers, (1999) examined 
skeletons excavated from outside and inside Wells Cathedral, Somerset and found that 
all of the individuals with this condition were buried in the chapels. A similar trend has 
been found at Merton Priory, Surrey (Waldron 1985). These findings contrast with the 
reported prevalence for the disease among samples from lay burial grounds. These show 
a lower prevalence, reinforcing this relationship between the disease and high status 
(Rogers and Waldron, 2001). It is suggested that the monastic way of life accounts for 
the higher prevalence at Wells Cathedral and Merton priory, in particular the diet that 
they enjoyed (ibid. ). 
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3.7 Infection 
Infection may be studied in archaeological human bone by recording both specific and 
more generalised bone lesions. A high frequency of infection in a population can reflect 
an increased disease burden and, in general, a negative impact on adaptation and health 
(Larsen, 1997). Infection is a valuable indicator of social dynamics; different 
distributions between groups may indicate differences in access to food, quality of 
living conditions and overall health (ibid. ). 
3.7.1 The Host, Immunity, and Pathological Response 
Infections are caused by numerous organisms and these include fungi, viruses, or 
parasites, and most commonly, bacteria (Rogers and Waldron, 1989a). The activities of 
these different organisms may be influenced by many environmental and personal 
factors such as poverty, malnutrition, climate, age, and sex (Kaplan, 1997). 
There are five main ways that infection may be transmitted: by air, physical contact, 
food and water, insects, or by already living in the host and by being triggered by 
changes such as another- condition or by taking drug treatment (Jones and Moon, 
1987: 148). The impact of infection on the host depends on its duration and severity. 
Invasion by organisms initiates an inflammatory response which is usually acute and 
which can have four outcomes; 1) `resolution' in which the inflammation is brought 
under control and ended, 2) inflammation is not brought under control quickly, there is 
tissue destruction followed by repair once the pathogen is overcome, 3) death because 
the invasion of pathogens was so rapid and severe, or 4) inflammation develops into 
chronic inflammation which can include an acute. form lasting for several weeks as well 
as a more persistent chronic form (Kaplan, 1997: 18-20). Most lesions that are identified 
in skeletal remains relate to this last category and are therefore indicative of sub-acute 
or chronic infectious diseases (Ortner and Putschar, 1985). If the host is able to fight 
infection they will develop immunity to the organism following the infectious period 
and this may last for life. 
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3.7.2 Infection and Nutrition 
Nutritional status is crucial to a community's ability to fight infection; the synergy that 
exists between them means that individuals who are malnourished will be 'more 
vulnerable to infectious pathogens and, conversely, individuals experiencing an 
infection are more sensitive to malnutrition than those who are not (Saunders and 
Hoppa, 1993). This is because in order to make antibodies to fight infection, the body's 
requirement for protein and nutrients is increased (ibid. ). 
Pathological changes may be present in a skeleton because of a particular infection and 
not because of a poor diet. However, malnourished individuals are much less resistant to 
disease than those who are adequately nourished and therefore, infection is still a valid 
indicator of nutritional stress (Roosevelt, 1984). 
3.7 3 Infection and Demographic Factors 
Infection is essentially a disease of over-crowding. This is supported by studies of 
skeletal populations from the U. S. and Europe which generally indicate a 
correspondence between increased levels of infection and an increase in population size 
and density (Larsen, 1997). This trend has been identified in agricultural, agropastoral 
and urban settings in later prehistory and the medieval period (Cook, 1984; Cohen and 
Armelagos, 1984; Larsen, 1997). 
The relationship between demographic factors (such as population size and 
distribution), and infection has been extensively explored in epidemiological research 
(Larsen, 1997). In particular, this work demonstrates how disease can be passed much 
more effectively. and faster in a close-contact society. Permanency of settlement may 
lead to poor sanitation, which can also facilitate the transmission of disease (ibid. ). 
3.7.4 Infection in Palaeopathology 
Palaeopathological examples of infection probably only reflect a fraction of the total 
number of cases that existed in the past. This is because most acute infections lead to 
death before the micro-bacteria reach the bone. Additionally, chronic infection 
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manifests itself on bone in a complicated way so that it is often difficult to identify its 
aetiology, especially if skeletons are incomplete and if more than one condition is 
present on an individual (Rogers and Waldron, 1989a). Most skeletal infections 
probably represent individuals with a good immune response since they have lived with 
the condition long enough for it to manifest itself on the bones; infectious lesions may 
therefore reflect survivorship (Ortner, 1991; and see Section 1.5.4). 
Of the skeletal infections that have been reported in the literature, greatest attention has 
been given to those that affect the skeleton in a characteristic way and are therefore 
more frequently and reliably identified. These include, non-specific conditions and 
specific conditions, terms which refer to the characteristic biological response to 
different pathogens. Specific conditions are manifested as lesions that involve the 
skeleton in a distinct way and are pathognomonic of a single pathogen species. Those 
most commonly recorded on dry bone include; tuberculosis, leprosy and treponemal 
infections (Ortner and Putschar, 1985; Aufderheide and Rodriguez-Martin, 1998). Non- 
specific infections manifest themselves as lesions that have a skeletal distribution that is 
not pathognomonic of a particular pathogen species, but may be caused by several 
different species. Therefore, it is not possible to assign this category of infection to a 
cause. 
3.7.5 Non-specific Infection 
Pathogens may infect bones or joints through haematogenous spread from an infection 
focus in the body that is spread directly from an adjacent soft tissue lesion into the bone, 
and through direct implantation into the bone (Resnick and Niwayama, 1995a). 
Infection of the tonsils, middle ear, a dental abscess or a superficial skin infection are 
common foci for infection that can be spread via the blood stream (ibid.; Manchester 
pers. comm. ). It is most common during the years of rapid skeletal growth (between 
three and fifteen years). When it affects adults, it is more common in individuals over 
50 years, and males are involved more than females (Aufderheide and Rodrfguez- 
Martin, 1998). The metaphyses of the femur and tibia are the most common sites to be 
infected by this mode of transmission (ibid. ). 
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Infection as the result of pathogens spreading from an adjacent lesion can result from 
conditions such as trauma (e. g. a compound fracture, and animal bites), chronic skin 
ulceration, paranasal sinusitis, a dental abscess, middle ear cavity infection, and visceral 
rib surface inflammation (Resnick and Niwayama, 1995a). Infection through direct 
implantation can arise from puncture and penetrating injuries (ibid. ). 
3.7.5.1 Osteomyelitis 
When the bones and bone marrow become infected by non-specific pathogens this may 
result in osteomyelitis which can involve the periosteal, compact, and medullary layers. 
Other terms employed to describe bone infection are `osteitis' and `periostitis'. Osteitis 
refers to infection of the bone cortex. This can occur on its own or (more commonly), 
can accompany osteomyelitis. Osteitis is rarely reported in palaeopathology because it 
is extremely difficult to distinguish from osteomyelitis and in modem populations, 
diagnosis usually rests on CT and MR imaging (Resnick and Niwayama, 1995a). 
Periostitis refers to inflammation of the periosteum, the fibrous sheath that, with the 
exception of the endocranial surface of the skull and joints, surrounds all bones. This 
often leads to osteitis and osteomyelititis, and in modern clinical contexts it can be 
difficult to distinguish these different extents with routine radiography (ibid. ). 
Both osteitis and periostitis can be observed in other' non-infectious conditions. For 
example, the cortex can become inflamed in ankylosing spondylitis and inflammation of 
the periosteum can occur in disorders of a metabolic, neoplastic and traumatic nature 
(ibid; Section 3.7.5.2. ). Because of the difficulty involved in distinguishing the different 
extents of bone infection, and because the medullar cortex and periosteum are not single 
entities but part of one biological unit, osteomyelitis is the preferred term when 
referring to bone infection (Roberts and Manchester, 1995; Aufderheide and Rodriguez- 
Martin, 1998). 
Osteomyelitis is a combination of destructive and reactive changes that result in 
exuberant proliferation of bone, swelling, and sometimes `cloacae' (or `lacunae') 
(Rogers and Waldron, 1989a). The bacteria most commonly responsible for 
osteomyelitis is Staphylococcus aureus (Ortner and Putschar, 1985). It causes 
inflammation of the soft tissues, pus formation, and if it migrates into the blood stream 
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via Haversian and Volkmann's canals, it invades the bone and bone marrow (Resnick 
and Niwayama, 1995a). In acute haematogenous osteomyelitis, changes begin as initial 
inflammation on the metaphyseal side of the growth plate which, as the infection 
progresses reduces blood supply to the bone causing parts of it to die. In response to 
these `sequestra' (or necrotic areas of bone), a shell of proliferative new bone is formed 
under the periosteum and may eventually surround these ('involucrum'). In pyogenic 
osteomyelitis, sinuses (cloaecae) are formed in the compact bone wall. These discharge 
pus from an abscess in the bone interior into surrounding body tissues (ibid. ). Skeletal 
changes that arise from direct infection are similar to those of acute haematogenous 
osteomyelitis (Aufderheide and Rodriguez-Martin, 1998). 
Osteomyelitis is usually a long-standing condition that does not cause rapid fatality. 
Therefore, although it is most commonly observed in adult skeletons, it usually relates 
to an infection that was initiated during childhood (Resnick and Niwayama, 1995a). 
3.7.5.2 Periostitis 
Inflammation of the periosteum stimulates a response in which new bone is deposited 
on the extracortical surface as the result of increased osteoblastic activity. The 
characteristic changes associated with periostitis include fine pitting, longitudinal 
striations, plaque-like, or woven (or fibrous) new bone formation on the original cortical 
surface, and swelling (Roberts and Manchester, 1995). There is enormous variation in 
the manifestation of periosteal lesions and almost any combination may be observed on 
dry bone. In addition to this, deposits of new woven bone can appear as thin grey 
patches or, at the other extreme, as thick woven deposits. In many cases, changes can be 
very ambiguous. These can extensively cover a bone surface or be limited to one small 
area. 
Because of its considerably varied appearance, there is often great variability in 
identification and classification at both an inter- and intra-observer level (Stroud, 1993). 
There is also little correspondence between macroscopic and radiological diagnosis 
because some of the more subtle changes do not show on radiographs. This means that 
changes that may be identified by the palaeopathologist may not be recognised 
clinically and may, therefore, not be of any great consequence to the health of a person. 
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Unlike other conditions, such as osteoarthritis for which there is better correspondence 
between radiological and macroscopic diagnosis, there is no clinical basis against which 
to interpret the changes that are seen in archaeological material. 
Some specialists interpret the presence of woven bone as an unhealed (or un- 
remodelled) form of the disease, and the smooth lamellar. bone as a healed (or 
remodelled) form (Mensforth et al., 1978). The unhealed form may suggest that the 
condition was still present at the time of death and that it may have contributed to cause 
of death. The presence of healed and unhealed changes may suggest a long term chronic 
condition (Ortner and Putschar, 1985). These categories have been a useful way of 
differentiating between groups, especially when examined against the mortality curve 
(Mensforth, et al., 1978; Lewis, 2002). However, the use of these terms is not entirely 
suitable since, to describe a periosteal reaction as `healed' implies finality and suggests 
that the condition that caused the lesion was no longer present. It is also not known to 
-what extent a `healed' lesion represents recovery. Until the pathogenesis of periostitis is 
more clearly understood, these terms should be used with caution. 
The woven bone that is associated with periostitis is very similar to the growing 
lamellar bone of an infant, and the two are easily confused. Therefore, extra care needs 
to be taken when diagnosing periostitis in this age group. Most specialists adopt the 
strategy whereby only those deposits that are present in places not usually associated 
with growth are recorded (Lewis and Roberts, 1997). This precaution does, however, 
mean that periostitis is being under-estimated for infants and young children in 
archaeological samples (Ribot and Roberts, 1996). 
Several classification systems have been employed to categorise the different forms of 
periostitis (often including osteomyelitis), some solely reflecting the appearance, while 
others attempt to grade the changes according to severity (Brothwell, 1981; Buikstra 
and Ubelaker, 1994; Grauer, 1993; Ribot and Roberts, 1996; and Stothers and Mettress, 
1975). Such systems have been employed to explore differences in the health 
experiences of groups that derive from different socio-economic, historical, and 
ecological contexts (e. g. Ribot and Roberts 1996). 
Periosteal bone is, however, extremely difficult to classify and, if not used carefully, 
there is the tendency for such systems to force interpretations on lesions that are yet to 
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be tested; severity carries connotations of discomfort and disability and yet different 
lesions may be different expressions of infection, none of which are more or less 
detrimental to overall health and well-being than the other. Other systems (e. g. Strothers 
and Metress, 1975) imply that periostitis is a developmental condition in which category 
a) is considered to be an earlier stage of category b), when it is far from clear whether 
the condition does in fact follow a developmental course. In this respect, the scheme 
recommended by Ortner and Putschar (1985: 132) whereby lesions are classified as 
`primary' (caused by infection or trauma, or a specific diagnosis, if possible) and 
`secondary' (secondary to a specific infection), is preferable because it avoids 
assumptions about pathogenesis such as this. 
There is such as broad spectrum of aetiological factors associated with periostitis that 
description is essential; not only can it be associated with infection, but also relatively 
minor causes such as varicose veins, or mild trauma (Roberts and Manchester, 1995). 
This has often been overlooked in studies that have explored levels of infection in the 
past. To this end, careful consideration of aetiology and analysis of absolute prevalence, 
distribution and appearance of lesions, and their association with other conditions, has 
been urged (Roberts, 2000a). 
More recently, greater consideration is being given to inflammatory changes at. sites that 
have largely been overlooked in the past. For example, work has recently 'highlighted 
the fact that deposits of new bone on the surfaces of the maxillary antra may be linked 
to infections of the respiratory tract, air pollution, or have associations with specific 
conditions such as leprosy (Roberts, 2000a). Inflammatory changes in the orbits, which 
have in the past been associated with cribra orbitalia, might also have associations with 
scurvy (Ortner and Ericksen, 1997). 
3.7.5.3 Osteomyelitis and periostitis in archaeological populations 
Populations from several different settings and periods have been compared for the 
prevalence of non-specific infection in order to explore adaption or mal-adaption to 
changes in the environment. For example, comparisons between hunter gathering and 
farming populations have indicated that the prevalence of non-specific infection 
increases with the adoption of agriculture (Goodman et al., 1984). This is attributed to 
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an increase in population size and trade networks, with the subsequent introduction of 
new pathogens coupled with a decline in nutritional quality (Larsen, 1997). In general, 
there are many examples where an increase in the prevalence of periostitis and 
osteomyelitis has been found to accompany an increase in population size. 
Not all studies have supported this hypothesis; no increase was observed among the 
skeletal remains from Sudanese Nubia that date to the period of the adoption of 
agriculture and subsequent aggregation (Cook, 1984). This has been attributed to 
environmental conditions that were specific to this setting and which prevented any 
increase in infection that population growth would have normally brought (Bassett et 
al., 1980). However, this may simply reflect the need to consider the aetiology of the 
lesions in more detail (see proceeding section), and refine standards for scoring these to 
reduce inter-observer variability. 
Studies that have specifically explored status and non-specific infection reflect mixed 
results. Prevalence was compared in high status individuals and low status individuals 
from the Moundville sample, but no significant difference was found between the two 
groups (Powell, 1988). On the other hand, a statistically significant higher prevalence of 
infection was found among the non-elite skeletons from the Mississippian site Cahokia 
(Milner, 1990). In the former example, identification of high status individuals was 
vague and the sample size was questionable (Larsen, 1997). Clearly these areas need to 
be addressed before the relationship between status and infection in this group can be 
properly explored. Larsen (ibid. ) discusses other examples that would imply an 
association between status and infection, although these are few in number and, to date, 
very little research has explored this relationship (Powell, 1991). 
3.7.5.4 Endocranial lesions 
Relatively recently specialists have given attention to reactive changes on the 
endocranial surface of the skull (Lewis, 2002; Schultz, 2001). Their aetiology is largely 
unresolved and they are not given consideration in primary palaeopathology texts (e. g. 
Aufderheide and Rodriguez-Martin, 1998). Because of their association with 
meningitis, they are considered in this category. 
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Different endocranial appearances that have been recorded include: layered new bone, 
`capillary'-like impressions, and `hair-on-end' changes, and these primarily occur on the 
occipital around the cruciate eminence but are also seen on the frontal and parietal 
bones (Lewis, 2002: 22). Histological work suggests that layered new bone (referred to 
as woven bone) is related to active haemorrhaging of the meninges, capillary-like 
impressions represent the remodelled (or healed) stage of haemorrhaging, and hair-on- 
end lesions are related to inflammation (Schultz, 1993). A paper by Lewis 
(forthcoming) reviews the differential diagnoses of these lesions and includes chronic 
meningitis, trauma, anaemia, neoplasia, scurvy, venous drainage disorders and 
tuberculosis as possibilities. 
Endocranial lesions are not widely reported in the literature. Lewis's (2002) research on 
medieval rural and industrialised urban archaeological sub-adult populations reported 
that lesions were more frequent in the former and were, overall, more frequent among 
individuals aged between 0.6 and 2.5 years. 
3.7.6 Specific Infections 
The most commonly reported specific infections are skeletal tuberculosis, leprosy, and 
treponematosis. The main diagnostic skeletal changes associated with these are 
summarised in Table 3.1 and described in greater detail by Aufderheide and Rodrfguez- 
Martin (1998), Manchester (2002), Ortner and Putschar (1985), Roberts and Manchester 
(1995), Resnick and Niwayama (1995a), and Rogers and Waldron (1989a). Generally, 
these sources stress that these diseases are rarely diagnosed based on isolated lesions, 
particularly those that are less characteristic and, cases that are identified 
palaeopathologically represent only a small fraction of those affected in the past; most 
do not develop skeletal lesions. 
3.7.6.1 Skeletal tuberculosis 
Skeletal tuberculosis (TB) may be caused by two types of bacteria: the bovine type, 
Mycrobacterium tuberculosis bovis, which affects cattle and other mammals and can be 
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passed to humans through infected dairy products or milk, and the human type, 
Mycrobacterium tuberculosis hunzanis, which is believed to have developed from the 
bovine form (Feinnes, 1978). Bovine TB is passed into the body through the gut and 
infects the lymph nodes, of which those in the neck are most likely to be involved. It is 
more common among children,. possibly due to feeding them milk during infancy 
(Roberts and Manchester, 1995). With the pasteurisation of milk this tubercle bacillus 
has virtually disappeared. 
Human TB it is contracted through close contact with infected individuals and is 
therefore common in urban settings. It is passed into the body through the respiratory 
tract and is primarily transmitted through coughing and sneezing. It is therefore a 
disease of overcrowding (Roberts and Manchester, 1995). Once the bacillus has entered 
the body the initial response is infection in the lung tissue with subsequent infection in 
the regional hilar lymph nodes (Ortner and Putschar, 1985). 
In both the bovine and human form, infection spreads from the organs to the bones via 
the circulatory system, usually after a period of years. Individuals who are able to 
contain the primary infection will not go onto develop these changes. It is impossible to 
know whether examples of TB in the past were due to the bovine form or the human 
form of bacillus since in both the bony changes are identical. Involvement of the spine 
may indicate the bovine form due to the " ingestion of infected meat or milk, while rib 
lesions may indicate the human form because of their proximity to the lungs (although 
they can result from the bovine form too) (Roberts and Manchester, 1995). Kelley and 
Micozzi (1984) have discussed the potential for rib lesions to aid in the diagnosis of TB 
and, while they cannot be regarded as solely diagnostic, more recent work has 
emphasised their importance in understanding this disease in palaeopathology (Roberts, 
1999; Roberts et al., 1994). 
In Britain, studies indicate that tuberculosis increased in the later medieval period with 
the growth of urbanisation supporting the theory that the spread of the disease is 
dependent on population density (Manchester, 1983). This trend is also indicated in 
studies of Peruvian mummies (Allison, 1984) and prehistoric Avenbuch skeletons from 
Tennessee (Eisenberg, 1991). There is only one example where the relationship between 
tuberculosis and social status has been explored and this was carried out by Powell 
(1988) on a sample from the American Southeast. No association was identified. 
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3.7.6.2 Leprosy 
Leprosy, or Hansen's disease is caused by an organism related to the tubercle bacillus 
(Mycobacterium leprae) and is mainly spread by direct inhalation or by direct contact 
with ulcerated skin (Mitchell, 2002: 171). It is not easily transmitted and usually 
individuals who contract the disease will have been in prolonged contact with infected 
individuals. The disease is not usually fatal and the immune response of the host 
determines the progression of the disease (Rogers and Waldron, 1989a). There are two 
main outcomes of leprosy and these are reflective of the host's immunological response. 
At one extreme, there is the tuberculoid form in which the resistance to the bacillus is 
good and the disease, which is initially carried to the nerves, remains there. At the other 
extreme, the lepromatous form, resistance is poor and the disease is transmitted to other 
soft tissues. Intermediate and borderline forms may also occur between these extremes, 
and can evolve into one of these, or be'self-limiting (ibid. ). This disease affects the skin, 
nasal tissues and, because peripheral nerves are involved, repeated injury, localised 
infection and disfigurement, or absorption of forger and toe' bones, are common. 
Changes in the skeleton are most common in the lepromatous form and in advanced 
stages severe disfigurement is the result. 
The work of the Danish physician and palaeopathologist Vilhelm Moller-Christiansen 
(1961), on skeletons recovered from medieval leprosy hospital cemeteries in Denmark, 
has contributed significantly to the palaeopathological diagnosis of skeletal leprosy. 
Leprosy is diagnosed skeletally by observing rhino-maxillary changes that include 
absorption and inflammation of the nasal and maxillary regions and ante-mortem loss of 
anterior teeth, otherwise referred to as `facies leprosa' (Moller-Christiansen, 1961; 
1978). These changes are the result of direct. infection of the nose and mouth and occur 
in the lepromatous form of the disease (Roberts and Manchester, 1995). The absorption 
of toe and finger bones can occur in both tuberculoid and lepromatous forms and, 
although not diagnostic on their own, inflammatory changes involving these bones 
and/or tibiae and/or fibulae can also occur (Manchester, 2002). 
Leprosy is seen today in African, Asian, and South-American tropical and sub-tropical 
regions. DNA tests on skeletal tissue has shown that the disease was present in the Old 
World (Rafi et al., 1994), and it is believed that it was not introduced to the New World 
until the colonial era (Ortner and Putschar, 1985). Archaeological evidence for leprosy 
83 
elsewhere includes specimens from Britain, Nubia, Poland and the Near East (Larsen, 
1997). With the exception of Chichester, England (see below), these tend to represent 
relatively isolated cases. By contrast, the prevalence in Denmark is much higher which 
has led some to suggest that while leprosy had largely disappeared in Europe by the end 
of the 15`h century, it was present in Scandinavia for longer (Manchester and Roberts 
1989). Although it has not been possible to account for the disappearance of leprosy, it 
is thought that better hygiene and eventual immunity through centuries of exposure 
were partly responsible (Manchester, 1991). 
In the clinical literature it is reported that leprosy can affect anyone from any social 
class, although nutrition plays a crucial part (Keil, 1933). There has been no collective 
analysis of leprosy cases to explore these aspects in archaeological populations 
(Roberts, 2000a). Exceptions include individuals recovered from leprosy hospital 
cemeteries at St Jorgensgard near Naestved, and St James and St Mary Magdalene, 
Chichester which largely comprise the most cases of leprosy that have been diagnosed 
to date. In the former sample Moller-Christiansen's results suggest that this disease did 
not show a predilection for either sex and, although status was not specifically explored, 
the disease was diagnosed on a high-status male burial inside the church choir. In the 
sample excavated from Chichester 23.65% were palaeopathologically diagnosed with 
leprosy increasing to 32.65% if possible cases are included (Roberts and Cox, 
2003: 270; Magilton and Lee, 1989). -However, when considering this evidence it is 
important to remember that many people who were buried in leprosy hospital 
cemeteries were misdiagnosed, or were not diagnosed at all; not all skeletons from these 
sites will necessarily have had the disease and those buried in other cemeteries may 
(Roberts, 2000a). 
3.7.6.3 Treponematosis 
Treponematosis refers to four diseases; venereal syphilis, non-venereal (or endemic) 
syphilis, yaws and pinta. All of these are caused by bacteria of the genus Treponenia, 
although great debate surrounds the identification of the specific the bacteria involved. 
¬n the one hand it is argued that they all originate from the same species, that being 
Treponema pallidum, because of the morphological and immunilogical changes that 
they share and DNA test results (Hudson, 1958, cited in Roberts and Manchester, 
1995: 151; Ortner et al., 1992). This would mean that they are all different expressions 
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of what is essentially the same infection and that these differences are the result of 
cultural and environmental influences (Roberts and Manchester, 1995). On the other 
hand, it is argued that different species, including Treponema carateum, Treponema 
pertenue, and Treponema pallidum, are responsible because of differences in the 
clinical symptoms associated with the diseases and their geographical distribution 
(Roberts and Manchester, 1995). 
The origins of treponematosis are also the subject of great controversy (Dutour et al., 
1994; Merbs, 1992). While popular belief currently holds that it was present in Europe 
and America in pre- and post- Columbian times, there is presently insubstantial 
evidence to test this (Larsen, 1997). 
Treponematosis is characterised by an inflammatory response which, in its early stages, 
begins in the area where the bacteria first entered the body (ibid. ). In later stages it 
involves most soft tissues via transportation around the body through the circulatory 
system. In the case of venereal syphilis, non-venereal syphilis and yaws, the skeleton is 
affected in advanced cases, but in pinta there is no skeletal involvement (Roberts and 
Manchester, 1995). While yaws and non-venereal syphilis share similar skeletal 
changes, and they are both common in hot climates, yaws is more prevalent in the 
humid tropics and non-venereal syphilis is more prevalent in and zones. Therefore, 
owing to these differences, non-venereal syphilis is often referred to as treponarid 
(Hackett, 1967). 
Treponematosis is transmitted via the skin or the mucous membranes. In yaws and non- 
venereal syphilis it is passed through infected lesions on the body. Modem data show 
that pinta, yaws and non-venereal syphilis spread more easily in poorly sanitised rural 
settings and hot climates (Larsen, 1997). These diseases are generally more common in 
the young. However, venereal syphilis is prevalent among adults since it is transmitted 
through sexual intercourse, although it can be congenitally acquired by children by 
being passed transplacentally from the mother to the foetus'. This treponema is 
prevalent in urban contexts where sanitation is generally good (Larsen, 1997). It is the 
most severe of the treponema. 
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As an indicator of socio-economic status, treponamatosis is problematic because it is so 
difficult to diagnose (Larsen, 1997). Powell (1988) was unable to identify any 
significant pattern in high and low status skeletons from Moundville and observed no 
differences between the sexes. It would seem that in the absence of more certain ways 
of diagnosing the different forms of this disease, it has little value in distinguishing 
differences between groups. 
3.8 Stature 
The sensitivity of final achieved height to socio-economic status is widely 
acknowledged in studies of living (e. g. Clements et al., 1957) and historical populations 
(Boldsen, 1995). In particular, temporal changes in adult height have been linked to 
changes in socio-economic circumstances in which nutrition and general health status 
play a crucial part. For example, stature has been shown to increase in improved 
economic and nutritional settings (Boldsen, 1995), whereas it has been shown , 
to 
decrease during impoverished times (Fogel et al; 1983). Based on occupation, the 1991 
Health Survey for England after accounting for age, geographic region, and education 
level, found that men and women of higher social standing were three centimetres taller 
than those of a lower social standing (Bogin, 1988). 
3.8.1 Stature and status in archaeological populations 
There are several, archaeological contexts in which an association between tall 
individuals and high status-burial locations has been highlighted. For example, at Wells 
cathedral, Somerset, the mean heights of individuals buried inside the chapels was 
greater compared to the heights of individuals buried outside (Rogers, pers. comm. ), 
and the tallest males from the middle Woodland skeletal sample from the Lower Illinois 
Valley were buried in the most elaborate tombs (Buikstra, 1984; Cook, 1984). Similar 
patterns have been identified in other contexts including middle Bronze Age burials in 
Greece, (Angel 1984), and in Etruscan burials in Tarquinia, Italy (Becker, 1993). 
1 It is acknowledged the alternative spelling for this word is `fetus'. According to the Oxford English 
Dictionary, although `fetus' is the 'etymologically preferable spelling', `foetus' may also be employed 
and, is widely used. 
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Table 3.1 Summary of the main diagnostic skeletal changes associated with TB. lenrosv and svnh; l;, z Specific Infection Lesion Type Distribution of lesions Skull lesions 
v 
Axial lesions Major long-bone lesions Hand and foot lesions Other 
Skeletal tuberculosis Destructive, little proliferation. Mainly axial, hip and knee joints Lytic lesions Anterior portion of vertebral Fusiform swelling 
bodies, in particular lower 
thoracic and upper lumbar 
vertebrae. Cancellous bone is 
destroyed which leads to 
scalloping, involvement of 
adjacent vertebrae & Pott's 
disease. 
Slight proliferative changes on 
visceral surface of ribs may be 
associated with the disease. 
Leprosy Destructive, and very rarely Usually involves left and right 'Fades leprosa : atrophy 
Periostitis affecting the tibias and Atrophied and shortened Leprous skeletons 
have 
proliferative in the case of sides, but not symmetrically. of the nasal and mariallry fibulae 
hands and feet. been noted for their 
secondary infection regions, resorped alveolar 
Tarsal exostoses. tendency to show 
evidence for. cribra 




grooving on the volar 
surface of the proximal 
phalanx and maxillary 
sinustitis. 
Syphilis Proliferative and destructive - In veneral syphilis, involvement Hutchinson's teeth and Collapsed vertebrae 
Sabre shin (common in yaws and 
osteomyelitis leading to of the entire skeleton is 'Mulberry molars' non-veneral 
syphilis) 
gummatous lesions common. Perforations in the nasal 
Charcot joints (common in veneral 
area and palate (more 
syphilis) 
common in yaws and non- 
veneral syphilis) 
'Caries sicca' (common in 
l l h venera syp is) i 
Most commonly affec ted sites are italicised for ea ch region of the skih-tin 1 -cc -,,,,, mom lAý;,,,, ý arP ýI, ýý rihed in the references that 
h ave been quoted in the text. 
2Moller-Christensen 1961; 1978 
Jala LVJJ VV1lLL11V 11 &VOlwl1J -- -- 
4. 
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In the Woodland skeletal sample juvenile males also received elaborate burials 
suggesting that physical build did not determine the selection of these individuals as a 
high status group (Buikstra, 1984). Therefore, status was acquired through birth and 
was not achieved; these individuals were born into privileged environments where 
they received an adequate diet during their growing years, they were buffered from 
stress, and were able to achieve their optimum height potential (ibid. ). However, 
stature differences were not identified between elite and non-elite females from the 
same sample. This trend has been identified in other New World skeletal samples and 
it has been suggested that this may be related to sex differences in the timing of 
growth (Cook, 1984), or it may indicate that adult males carried the burden of stress 
in stratified societies (Larsen, 1997). 
3.8.2 Stature and environmental stress 
Anthropometric studies have consistently highlighted the important role played by 
environmental stressors such as poor nutrition, disease, and a heavy workload. For 
example, environmental factors accounted for most differences observed between 
average heights when genetically similar and genetically dissimilar populations were 
examined under different environmental' conditions (Steckel, 1995). However, the 
environment only seems to affect adult stature if the experience of childhood stress 
was severe and occurred over a long period of time; provided that adequate living 
conditions are resumed, children can still reach their height potential through catch-up 
growth (ibid. ). 
Of all of the environmental conditions, inadequate nutrition has a particularly 
significant influence on adult stature and this is demonstrated by studies that have 
explored the transition from hunter-gathering to agriculture in archaeological 
populations. For example, Larsen's (1982, cited in Larsen 1997: 16) study of a skeletal 
series from prehistoric Georgia found that male and female statures had decreased by 
one and three percent respectively following the domestication of maize. Other work 
shows that agricultural intensification in the Neolithic is accompanied by a general 
decrease in adult heights in Western Europe (Meiklejohn et al., 1984), South Asia 
(Kennedy, 1984), and Sudanese Nubia (Van Gerven et al., 1995). Studies also suggest 
that shifts in dietary focus might be held to account for a temporal reduction in stature 
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in those assemblages where archaeological evidence does not support the introduction 
of a different genetic group into the population (Larsen, 1997). 
3.8.3 Short stature: an adaptive response? 
It has been argued that stature reduction is an adaptive response to adverse 
environmental conditions and, therefore, shorter individuals are in fact the healthy 
ones; under-achieved height is an indicator of survivorship (Seckler, 1980). 
Individuals who are short have adapted their body size to accommodate for the lack of 
nutrients available, these individuals are `small but healthy' (Seckler, 1980: 225). 
However, this is not supported by findings in developing countries which show that 
deprived growth is intricately linked to increased disease (Martorell and Habicht, 
1986). Whether or not there is truth in Seckler's theory, stature is still a valid indicator 
of impoverished environments; reduced height, whether adaptive or not, indicates that 
poor living conditions must have existed to trigger this response. 
3.8.4 Epidemiology and final achieved height 
Epidemiological research shows that poor nutrition, exposure to disease during 
childhood, and other socio-economic factors not only influences adult stature but can 
also affect later adult health and mortality. For example, in a survey of Scottish and 
English children Gunnell et al. (1998) found that poor socio-economic conditions 
during childhood were positively associated with an increased risk of coronary heart 
disease and a reduced susceptibility to cancer in later adulthood when expressed as 
leg length and not trunk length. They suggested that the modem trend towards 
increased adult stature, as a result of better nutrition and living conditions during 
childhood, is associated with a trend towards reduced coronary heart disease and 
increased cancer in adulthood (ibid. ). Similarly, Alam et al. (1989) examined 
measurements taken of children's arms from Bangladesh and found that those with a 
small circumference had an increased risk of dying. 
This has been explored in archaeological populations. When Jantz and Owsley (1984) 
explored growth in the Arikara skeletons and proposed that different long bones vary 
in their response to environmental stress, they implied that some adult long bones will 
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show a better correlation with age at death than others. More recently, Gunnell et al., 
(2001) analysed long bone length in a sample of 8th to 18th century skeletons from 
Barton-on-Humber, Humberside, and found that humeral length showed the highest 
correlation with age at death. This sample is now being used to explore the 
relationship between age at death, long bone length and indicators of stress (Rogers 
pers. comm. ). 
3.8.5 Methodological issues relating to stature analysis in archaeological populations 
Studying stature in archaeological populations is limited primarily by two factors: 
small sample size and differential preservation. Preservation of skeletal material is 
highly variable in any sample and quite often a large proportion of the individuals will 
not have any long-bones available for measurement. Moreover, estimated statures 
using any available complete long-bone is less reliable than estimations that use the 
same long bone for each individual and this can seriously distort the overall calculated 
mean for a population (Waldron, 1998). Ideally, the same bone should be used to 
calculate stature for each individual, although this means that numbers of individuals 
that can be included in a study are often drastically compromised. 
3.9 Enamel Hypoplasia 
Enamel hypoplasia is a defect that occurs during the development of the teeth and is 
caused by a disruption to amenoblastic matrix formation (Sarnat and Schour, 1941). It 
is identified on teeth as sharp lines, furrows, grooves or pits of depressed enamel and 
it is most commonly observed on the cervico-middle region of deciduous and 
permanent canine and incisor crowns ' (Hillson, 1986). Inheritance, trauma, and 
systemic metabolic disruption are believed to be the most likely causes of enamel 
hypoplasia, although the latter is thought to account for most cases that are recorded 
in both past and present populations (Goodman and Armelagos, 1985). 
The specific aetiology of systemic enamel hypoplasia is unknown. Studies on living 
populations and experiments carried out on animals have identified numerous factors, 
broadly categorised as those relating to childhood illness (such as measles) and those 
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that relate to nutritional deficiency (Hillson 1986; Pindborg, 1982). Based on this 
work, it is generally concluded that enamel hypoplasia is a non-specific indicator of 
physiological 'stress lasting from anything between a few weeks to months (Condon, 
1981; Goodman and Armelagos, 1985). Whether enamel hypoplasia represents 
individuals who were compromised physiologically or, because enamel hypoplasia 
indicates recovery, individuals who had a good immune response, is an ongoing 
debate (Duray, 1996; Lewis and Roberts, 1997). 
Of all of the factors that may be associated with enamel hypoplasia nutrition has 
received the most attention in work to date because not only do teeth survive well in 
archaeological contexts, but nutrition is one of the primary factors that determines 
growth and development (Dobney and Goodman, 1991). Rose et al. (1985: 290-91) 
describe the complicated relationship that may exist between nutrition and enamel 
hypoplasia. They argue that nutrition is a primary trigger for arrested growth and 
development but because of several factors - e. g. malnutrition increases susceptibility 
to infection, the synergy that exists between infection and nutrition (see Section 
3.3.2), and cultural practice that determines factors such as weaning and the types of 
food that are eaten - it may reflect nutritional inadequacy indirectly. This hypothesis is 
supported by archaeological studies (Goodman et al., 1987) as well as 
epidemiological research which indicates that the most frequent causes of childhood 
illness and death are related to infection and malnutrition (Goodman and Rose, 1991). 
Since hypoplasias only occur during the formation of the enamel when the organic 
matrix is calcified, they represent episodes of physiological stress encountered during 
childhood and, unless there is heavy abrasion, serve as a permanent record of stress 
because enamel does not remodel. The depth and breadth of a hypoplastic line may be 
related to the duration and severity of the stress episode (Blakey and Armelagos, 
1985; Suckling, et al., '1986). However, the relationship between enamel hypoplasia 
and stress is a complicated one because its occurrence seems to be governed by 
factors such as the severity of the stressor, a person's susceptibility to stress and their 
genetic background (Rose et al., 1985). Great variation in susceptibility to enamel 
hypoplasia within and among different types of teeth has also been noted (Goodman 
and Armelagos, 1985). 
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3.9.1 Chronology and linear enamel hypoplasia 
The formation of enamel occurs as the result of a timed sequence of events and this 
means that, theoretically, the chronology of enamel hypoplasia can be determined by 
measuring the distance of the defect from the cemento-enamel junction and 
converting this into biological age (Goodman et al., 1980). Studies that have 
examined the chronological distribution of enamel hypoplasia in archaeological 
populations have identified the tendency for the defect to occur primarily between two 
and four years of age. This has been attributed to the negative effects of weaning and 
the subsequent loss of passive immunity to infection (e. g: Coppa et al, 1995; Moggi- 
Cecchi and Pacciani, 1994). However, this is not widely accepted. Other work has 
found that in some populations the peak in defects does not correspond with historical 
evidence for weaning and other environmental stresses; the susceptibility of enamel to 
hypoplastic defects varies with age, and random factors are believed to be more likely 
(Blakey et al., 1994). 
Kazenberg et al., (1996) argue that proponents of the weaning hypopthesis make the 
assumption that the weaning and post weaning periods are times of increased 
physiological stress for infants and children and tend to regard it is a single event (i. e. 
when breast feeding stops) rather than a process (i. e. the gradual introduction of other 
food and the gradual reduction of breast milk). Ethnographic accounts indicate that 
children in societies that enjoy adequate water, nutrition, and nursing, may not 
necessarily experience health related problems as a result of weaning. Equally, 
societies in which poorly nourished mothers may continue to breast feed infants into 
early childhood could mean that health problems associated with weaning continue 
for longer beyond infancy (ibid. ). 
The most immediate problem with the weaning hypothesis is associated with 
assigning a chronology to enamel hypoplasia. This is fundamentally flawed by the 
fact that the standards used to assign age have been devised using modem populations 
(see Section 2.6.2.2) and it is not. known, how applicable these are to archaeological 
populations. Goodman and Rose (1990) have summarised this . and other 
methodological issues associated with current standards employed to devise 
chronologies. In particular, these relate to the fact that the velocity of enamel 
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calcification is poorly understood, although factors such as genetic differences and 
different environmental conditions (for example, those arising from nutrition and 
health status) are believed to play a significant role (ibid. ). Estimating the age of a 
defect may also be influenced by differences in tooth size between teeth and 
populations (Hodges and Wilkinson, 1990) and if chronologies are devised using 
adult teeth, these have to accommodate the bias that may be introduced as the result of 
attrition (Katzenberg et al., 1996). 
3.9.2 Enamel hypoplasia and socio-economic status in archaeological populations 
Most research on enamel hypoplasia has focused on its association with socio- 
economic status. On the one hand there are studies that indicate a good correlation 
between the two. For example, Enwonwu (1973) compared the prevalence of enamel 
hypoplasia among children from a. poor rural community in Nigeria with children 
from a privileged background and found that the number of cases was higher among 
the former group. Epidemiological studies of other underdeveloped nations reflect 
similar trends (Goodman and Rose, 1991). Swardstedt's study (1966) of a medieval 
hierarchical Christian skeletal collection from Vasterhus in Sweden, found that the 
highest number of cases of enamel hypoplasia were present among children from the 
lowest status group. A similar pattern was identified in the Dickson Mounds series 
from the lower Illinois Valley (Cook, 1981). 
On the other hand, studies that have been undertaken on contemporary developed 
populations from south Wales (Dummer et al., 1986), California (Nation et al., 1987), 
and England (Dobney and Goodman, 1991), do not support this correlation. Studies of 
enamel hypoplasia in archaeological populations, whose grave goods and burial 
locations have been used to infer status, have also identified a negative association 
(Mays, 1987; Powell, 1991). Assuming that archaeological evidence is a relevant 
indicator of how well or badly individuals lived, Mays (1998) argues that this could 
mean: 1) there was no difference in nutrition or disease between these groups, 2) a 
difference did exist but it was too subtle to be picked up by the skeletal information, 
or 3) enamel hypoplasia is a record of childhood stress and mortuary data may reflect 
status that was acquired through life, not at birth. Powell (1991) suggests that this 
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could reflect a society that received adequate nutrition overall, but those of highest 
rank were over fed without this being of any consequence to the rest of society. 
That a correlation between status and enamel hypoplasia tends to be reflected in data 
collected from developing countries but not developed countries may suggest that 
enamel hypoplasia is only really of value as a marker of status if the population under 
study is hierarchical by nature, and if status was ascribed at birth (Mays, 1998). 
Dobney and Goodman (1991: 85-87) present a detailed discussion on this relationship 
and its study in archaeological populations. Key points arising from this are: 
1) Status differences in developed countries will not be as readily apparent as they 
are in developing countries because the basis that determines their distribution and 
frequency is more diffuse. 
2) Status differences in the prevalence of enamel' hypoplasia in archaeological 
populations are more likely to resemble patterns observed in developing countries 
because factors that influence the occurrence of enamel hypoplasia in 
archaeological populations are more akin to those that influence their occurrence 
in undeveloped countries. 
3) High status groups may best be identified by examining defect frequencies either 
side of the peak that is associated with weaning (assuming of course that this peak' 
does relate to weaning), since these may be lower in high status groups than low 
status groups (ibid. ). 
4) There may be constant underlying factors that influence the occurrence of enamel 
hypoplasia which do not discriminate between statuses. 
5) Groups that are more `highly compromised' (Dobney and Goodman, 1991: 87) 
should, theoretically, experience more growth disruption because they are closer 
to the critical threshold beyond which a defect occurs. A stimulus may therefore 
directly or indirectly confront all individuals, but only those who are closer to the 
threshold will develop a defect. This model is clouded by the fact that the critical 
threshold and health status of the individuals are dynamic variables because of the 
complex interaction between individuals and their environment. 
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3.9.3 Enamel hypoplasia and longevity 
Studies have suggested that individuals who encounter childhood stress are more 
likely to die at a younger age because of an inverse correlation between age and 
defect prevalence (e. g. Cook, 1981; Swardsted, 1966; Rose et al., 1978). Three 
theories have been put forward by Goodman and Armelagos (1988) to explain this 
inverse correlation. These are: 
1. Skeletons with enamel hypoplasia represent individuals who inherently had a 
weaker constitution and were therefore more likely to die at an earlier age. 
2. Skeletons with enamel hypoplasia represent individuals who experienced stress in 
childhood which 
meant that they were biologically `damaged' and therefore were 
more likely to die as the result of subsequent episodes of stress. 
3. Skeletons with enamel hypoplasia represent individuals from low status 
backgrounds who remained in a low status category into adulthood and, because 
of this, experienced greater disease burdens resulting in earlier deaths. 
The nature of archaeological material means that it is impossible to say which of these 
theories is the most plausible (Larsen 1997). Mays (1998: 161) suggested that , 
it is 
unlikely that the first hypothesis explains the inverse relationship between age and 
frequency in the high status sample form Västerhaus, Sweden; if enamel hypoplasia 
reflected weaker individuals, this would not explain the inverse correlation that was 
also identified between frequency and status in this group. 
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CHAPTER FOUR 
ACTIVITY RELATED OSSEOUS CHANGES 
This chapter reviews the literature on forms of skeletal pathology that have been 
examined in association with activity. Methods and studies are discussed with particular 
reference to their relevance to exploring socio-economic status in ancient populations. 
4.1 Introduction 
Activity related osseous changes - indiscriminately referred to here as behavioural and 
occupational changes - are identified on dry bone as alterations in'the morphology of 
bone in terms of size and/or shape and as pathological conditions. This chapter 
considers three categories of bony changes and these are: - enthesial reactions, 
osteoarthritis, and spinal changes. These are among some of the more frequently studied 
conditions. Others include 'non-metric traits, such as os acromiale (Stirland, 1991), 
cranio-facial remodelling and bone geometry (Knüsel, 2000a). These are beyond the 
scope of this thesis. 
4.2 Biomechanics of Bone 
When. studying activity in the skeleton, it is important to consider the bio-mechanical 
properties of bone and its relationship with different loading forces, factors that are also 
relevant to studying trauma (see Chapter Five). There are several reviews already 
published on this subject (e. g. Mascie-Taylor and Bogin, 1995; Knüsel, 2000a; Jurmain, 
1999) and therefore only key elements will be summarised here. 
The German ' anatomist Julius Wolff (1836-1902) was among the first to observe that 
bone is sensitive to mechanical forces and stated that bone has the ability to increase or 
decrease its mass depending of the degree of functional pressure (1892). Bone is 
anisotrophic, it can respond differently depending on the direction of the loading force 
(Frankel and Nordin, 1980), and it is also governed by plastic change, or the ability to 
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mould in response to extreme load (Mascie-Taylor and Bogin, 1995). This means that 
bone is able to recover its shape and dimensions after loading. When its elastic qualities 
reach their maximum capacity, the outer fibres begin to yield; increased loading beyond- 
this point results in deformation even after the loading has ceased (Frankel and Nordin, 
1980). 
Owing to the greater plasticity of children's bones, loading has the greatest impact on 
this age group (Currey and Butler, 1975). In adults, growth has ceased, bone turnover is 
slower, and osseous responses are less obvious. Therefore, strenuous repetitive activities 
that are undertaken before skeletal maturity will have the greatest impact on skeletal 
responses. This has been demonstrated in studies by Ruff et al. (1994). 
Experiments on animals and studies of athletes and skeletal samples have explored the 
sensitivity of bone to mechanical behaviour. These have found that decreased activity 
results in* a reduced ability to resist force (Kazarian and Von Gierke, 1969), and 
increases in size, or bone hypertrophy, are positively associated, with a bio-mechanical 
response to increased loading- through exercise (Trinkaus et aL, 1994: 29; Claussen, 
1982; Jones et at, 1977). 
Hypertrophy occurs as the result of a decrease in osteolytic activity which is inhibited 
by mechanical stress. This results in thicker cortical bone, a narrow medullary cavity 
and a larger cross-sectional area. In particular, it affects the periosteal surface and 
results in the formation of lipping, exostoses and 'spurring (Kennedy, 1989: 134). 
Conversely, reduced bone mass or atrophy results from an altered metabolism or 
decreased loading, and this involves a reduction of new bone formation on the 
periosteum and greater endosteal and intracortical deposition. Atrophied bones are 
typically less robust, have a smaller cross-sectional area, and proportional enlarged 
medullary cavity in relation to reduced cortical bone (Knilsel, 2000a). 
Thus mechanical stress can be observed as alterations in bone density, mineral content, 
bone morphology and size, and asymmetry of paired bones. Typical sites where 
hypertrophy and atrophy occur are areas where ligaments and tendons attach to bone. 
These areas are particularly sensitive to mechanical stress and pathological changes 
(such as metabolic conditions and alterations to the nerve supply) because of the 
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transformation of soft tissue to bone and hence the transformation of properties at these 
sites (Currey, 1984). 
The exposure of muscles to extreme mechanical loads can cause ligaments and tendons 
to rupture (Neipel and Sit'aj, 1979). In areas of tendon insertion, the pull of tendons can 
separate small pieces of cartilage and bone which can induce new bone formation 
(enthesophyte). In areas of ligament insertion, the blood supply to the bone can become 
disrupted as a result of fragments of fibre tearing and reattaching themselves to the 
periosteum. This can result in necrosis. Healing in this area is prevented by continuous 
micro-trauma from daily activity and this leads to excavation into the bony cortex 
(Hawkey and Merbs, 1995). These enthesial reactions are discussed in more detail 
below (Section 4.3). 
Besides areas of ligament and tendon attachment, the long bones are generally regarded 
as the elements that -display the greatest change in dimensions as the result of 
mechanical stress (Knilsel, 2000a). Depending on the age group studied, great variation 
is displayed in the way these . 
elements alter their dimensions. Alterations to the 
articulations and diaphyses of adult bone reflect activities undertaken prior to skeletal 
maturity, whereas alterations to the diaphyses only reflect the impact of activities on 
skeletally mature bone. This is because articular surfaces have a decreased ability to 
alter their dimensions after growth has ceased (Ruff et al. 1994). Therefore, individuals 
who do not, undertake strenuous repetitive activity until later years may not show 
changes in their skeletons. In addition to this, bone dimensions will alter with increasing 
age; cortices decrease and sub-periosteal areas become thicker (Ruff and Hayes, 1983). 
Therefore, the relationship between age and bio-mechanics requires careful 
consideration when interpreting activity. 
Applying these biomechanical principles to archaeological material is not 
straightforward. There is a limited understanding of how other factors besides 
mechanical stress affect dimensions of bone. For example, Ohman and Lovejoy 
(2001: 4) who have explored the effects of bending stresses on the shape of femoral mid- 
shafts of chimpanzees and gorillas, suggest that changes in size and shape may be a 
complex reflection of multiple determinants including the history of the physes, rather 
than simply reflecting adaptation to bending stresses (as Wolff's law suggests). 
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A grounded understanding of the bony responses to mechanical stress is therefore 
imperative. Clinical and sports medicine provides a useful comparative basis to this 
work yet, apart from trauma, this is currently limited by a scarcity of such data. Even 
when data are available they are not directly comparable since activities today are very 
different to those carried out in the past. 
Most problematic is the fact that many studies to date have tended to ignore the multi- 
factorial nature of the markers that they interpret as activity related. Specialists have 
relied too heavily on archaeological contexts, often at the expense of a sound clinical or 
epidemiological basis to their work (Jurmain, 1999). Interpretations are often drawn 
from inadequate data and these tend to relate changes to activity in a simplistic 
anecdotal way (ibid. ). Until recently, an appreciation of the anatomical function of the 
human skeleton in relation to activity, as well as the anatomical nature of pathological 
processes, has been lacking. For, example, this is reflected in the failure to control for 
age (Knüsel, 2000a). Lastly, standards for recording -changes have lacked consistency 
and precision and are often poorly controlled. 
Specialists are divided over whether activity can be reliably investigated in skeletal 
remains (Jurmain, 1999; Kennedy, 1989; Lai and Lovell, 1992; Lovell and Dublenko, 
1999; Rogers and Waldron, 1995; Stirland, 1991). This was addressed by Stirland 
(1991: 46) who concluded that archaeological material does have a contribution to make 
but she remained adamant that `..... it will never be possible to extrapolate from the 
general to the particular'. She urged for more rigorous studies on closed archaeological 
groups as well as controlled radiological investigations of living populations. 
Kennedy (1989) tabulates a long reference list of skeletal changes that are found in 
association with specific activities. This table is mis-leading not least because it gives 
no consideration to any other variables that could give rise to these changes. This 
approach represents the extreme to which some specialists are prepared to go in their 
interpretation of skeletal indicators. 
More recently Jurmain's extensive review of the subject cautions against over- 
interpretation and suggests that a multiple-indicator approach could be useful 
(1999: 263). He also urges less reliance on specific identification of activity related 
changes. Similarly, Knüsel (2000a) advises that the reconstruction of movements or 
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motion should be the focus of studies. This will avoid the temptation to tie often- 
inadequate data down to specific activities and instead focuses on the biomechanical 
functions of bone. 
A publication by Capasso et al. (1998) highlights the fact that the aetiology of activity 
related osseous changes remains poorly understood in both living and ancient 
populations. While all of the conditions discussed in this chapter have an activity related 
component, they are also frequently considered pathological conditions in their own 
right.: Therefore while discussing their application to behavioural reconstruction this 
chapter will give wider consideration of their relationship with socio-economic status. 
4.3 Enthesial Reactions 
This refers to skeletal modifications that occur at sites where tendons, ligaments and 
articular capsules insert into bone (the entheses). Some specialists employ the term 
syndesmoses to refer to changes at sites of ligament insertions (Stirland, 1991), 
although clinical texts make no distinction (e. g. Doherty and Dieppe 1986). Enthesial 
reactions can involve hypertrophy (or new bone formation), or they can involve 
resorption (or excavated defects). Hypertrophic reactions can be associated with 
pathological conditions and are therefore commonly referred to as enthesopathies or 
enthesophytes (-pathy or -phyte referring to disease). Although this has been contested 
(e. g. Steen and Lane, 1998), these are the terms most commonly used in clinical studies 
and, as these form the basis for interpretation, are the preferred terms here. Although 
also sometimes referred to as enthesophytes, lytic reactions are thought to be due to 
micro trauma and are usually referred to as osteolytic lesions or cortical defects. 
Compared to other pathological conditions that have an activity component 
enthesopathies and cortical defects may be more reliable indicators of activity; they 
have an intimate relationship with the musculoskeletal system and therefore they play a 
much more immediate role in biomechanical function. These. reactions are categorised 
by Steen and Lane (1998) as stress lesions and they are among several other responses 
that have been explored in archaeological bone in relation to muscular activity. Others 
are categorised as changes that reflect increased robusticity, rugosity, and myositis 
ossificans (Steen and Lane 1998: 342). 
100 
4.3.1 Enthesophytes 
Enthesophytes are seen in increasing frequency with the advancement of age and they 
are more prevalent 'among males than females. In the osteological literature 
enthesopathies are commonlyrep6rted on the anterior surface of the patellae, along the 
linea aspera of the femora, along the iliac, crest, at the site of the insertion of the 
Achilles' tendon on the calcaneus, on the oleacranon process of the ulna, and on the 
greater and lesser trochanters of the femora. These are among the most common sites 
that are studied in archaeological bone (Rogers and Waldron, 1995). Because of their 
appearance and their epidemiological features, enthesophytes' are often considered to be 
analogues to osteophytes (Neipel and Sit'aj, 1979). 
Neipel (1979) notes that enthesophytes can be'primary or secondary to diseases that 
affect the locomotor system and they can also occur independently. Independently they 
are commonly seen in clinical subjects in the form of tennis elbow which affects the 
medial epicondyle of the humerus. Several other sites have been described in relation to 
sporting activities such as enthesis of the adductors in football players (Smillie, 1970), 
and enthesis of the biceps in boxers, gymnasts and baseball players (La Cava, 1959a, b). 
Rcsnick and Niwayama (1983) present a detailed review of the aetiology of 
enthesophytes and'emphasise their association with several different disease processes. 
These. fall into two main groups: inflammatory enthesopathies such as Reiter's 
syndrome and Ankylosing spondylitis, and degenerative enthesopathies such as one or a 
combination of ageing, trauma, repeated stress, or activity. Endocrine disorders (such as 
acromegaly), DISH and seronegative spondarthropathy are other conditions. The 
distribution of enthesophytes in individuals with DISH is noted as being particularly 
widespread (see Section 3.6). 
There is a limited understanding of enthesophytes in modem populations, few studies 
have looked specifically at this condition in the occupational or sports literature; most 
attention has been given to exploring the impact of activity on bio-mechanics in a more 
general way. Regardless, some useful insights have been provided by this work which 
osteologists have, in some respects, failed to take on board. For example, work by 
Rathburn and McNab (1970) on the enthesis associated with the rotator cuff, and by 
Clement et al. (1984) on the enthesis associated with the Achilles' tendon, have 
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suggested that exercise may induce degeneration and reduce vascularity, which is 
contrary to views that associate entheses with hypervascularity as a result of increased 
exercise (e. g. Hawkey and Merbs 1995). Further, work that has looked at the role of 
hormones in relation to ligament repair, has demonstrated that testosterone may account 
for a higher frequency of enthesophytes among males compared to females (Tipton et 
al., 1975), a difference which some osteologists have chosen to interpret in terms of task 
specialisation (e. g. Lai and Lovell 1992). 
In anthropological texts the assertion that enthesophytes may be caused by repeated 
trauma to tendons due to repeated muscular exertion is given great emphasis (Rogers 
and Waldron, . 
1995: 24). For example, Dutour (1986) studied two Neolithic Saharan 
populations' for enthesopathies in the arm and the foot and reported an overall 
prevalence of 20%. ' These changes were linked to a range of activities such as 
woodcutting, archery and `walking or running over hard ground' (ibid: 224). Other 
aetiological factors (such as DISH) were ruled out because of the fairly isolated 
frequency of lesions in each individual. 
A later study, by Rogers and Waldron (1989b), recognised the need to define distinct 
patterns of enthesophyte distribution in order to differentiate changes associated with 
excessive activity from those that accompany ageing, normal activity and other 
pathological conditions (e. g. ankylosing spondylitis). This work explored the extent of 
enthesial involvement and its association with other bone forming conditions and joint 
disease in two archaeological populations from Wells Cathedral, Somerset, and 
Spitalfields, London. A high prevalence of enthesophyte in individuals also displaying 
osteophytosis and calcified tissues was identified and it was, concluded that they 
represent individuals who had a tendency to form bone -a group they called `bone 
formers'(1989b: 170). The authors also suggested that the tendency for a sub-set of the 
population, to form bone masks underlying pathological conditions that cause 
osetophyte formation (such as osteoarthritis) and this is why these conditions display 
such variability. This may also mean that biomechanical modifications are also masked 
by . this phenomenon. Lastly, preliminary findings showed a' greater tendency for 
enthesophytes to be present on the right side, with females displaying the greatest 
variation (ibid. ). 
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Subsequent work has supported a positive correlation between osteophytosis and 
enthesophyte bone formation, and has identified bone forming as a distinct entity 
(Rogers et al., 1997). This work has also identified a tendency for skeletons diagnosed 
with DISH to also have high osteophyte scores. Therefore, DISH and bone forming may 
be part of the same process, the latter being an early manifestation (ibid. ). The 
distribution of high scoring enthesophyte sites in the upper and lower limbs may suggest 
an association between this condition and systemic factors which are also linked to 
DISH (ibid. ). Different expressions of bone formation may also represent different 
responses to stress rather than displaying variations of stress (ibid.: 6). 
Some interesting trends have been identified regarding status. Studies of bone formers 
in medieval burial assemblages have suggested that this phenomenon is associated with 
high status groups (for example, Rogers and Waldron, 2001 and Waldron, 1985). 
Owsley et al's report on pathological markers in an 18d' century urban slave population 
from New Orleans comments on entheses at several sites including the olecranon and 
the radial tuberosities (1987: 191). These are simplistically associated with occupational 
stress. Although this report presents no systematic data, the apparent isolation of these 
enthesophytes and their association with pathological conditions of stress may support 
this interpretation. 
These studies suggest two possible trends: 1) bone forming as identified by high scoring 
enthesophytes is a phenomenon associated with high standards of living, 2) 
enthesophytes that are relatively isolated and are seen in conjunction with pathological 
indicators of stress may have a stronger correlation with activity and be associated with 
a poor quality of life. 
Present understanding of enthesophytes is not at a point where these trends can be 
substantiated. Enthesophytes may arise as the result of strenuous activity but this may 
vary depending on the response of the individual, which itself may be obscured by bone 
forming, or be influenced by pathology. The strong relationship that these reactions . 
have with age is another confounding factor that is often not controlled for in some 
studies (Stirland, 1991). It has been suggested that rather than being an underlying 
cause, activity may determine which sites are involved in enthesial reaction (Jurmain 
1999: 149). Further, given that this is a multi-factorial condition, there could be factors 
that are skewing data from archaeologically derived material in the same way that the 
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cross-sectional nature of these data skews the distribution of osteoarthritis (see Section 
4.4). 
4.3.2 Cortical Defects 
Cortical defects have only recently started to feature more in activity related, studies. 
These excavations are easily distinguished from post mortem erosions because their 
microscopic appearance is of an area of bony remodelling (Hawkey and Merbs 1995). 
They occur in the skeleton where strong muscles attach to bone and have been observed 
in the proximal humerus at the inserion of pectoralis major, latissimus dorsi and teres 
major, on the inferior aspect of the medial portion of the clavicle in the region of the 
costo-clavicular ligament and on the distal femur in the region of the adductor magnus 
aponeurosis. They are more frequent among young individuals and adolescents. These 
are isolated lesions which occur only at insertion sites and have no known association 
with other pathological conditions (Panhuysen et al. 1994). Although cortical defects 
are poorly understood, they are generally regarded to be the result of repeated 
microavulsions of the cortex due to'intense mechanical stress (Bufkin 1971: 492). 
Presumably because they cause few or no symptoms and are difficult to see on 
radiographs, they are virtually absent in the clinical and sports literature. Keats (1995) 
mentions them in passing when referring to the insertion of the rhomboid ligament at 
the sterno-clavicular end of the clavicle. The author records that they can involve both 
right and lefts either symetrically or asymetrically, or they can occur unilaterally and 
they are sometimes `.... sufficiently striking to be confused with a destructive process' 
(1995: 43). 
One or two isolated cases have been reported clinically. For example, Brower (1977) 
describes a case after a man reported acute pain in his right shoulder following a 
rigorous tennis match. Clinical inspection reported tenderness of the soft tissues over 
the proximal humerus and further radiological and surgical investigation identified a 
cortical defect. where the pectoralis major tendon inserted into the bone. This was 
described as a secondary change in response to muscle strain. Kaye et al. (1982) 
describe a case in the non-dominant clavicle of a 12 year-old boy but it is referred to as 
a fatigue fracture and is linked to repetitive stress. 
104 
Jit and Kaur (1986) examined 849 paired clavicles from North Indian cadavers to 
examine the incidence and size of cortical defects (referred to by the authors as 
rhomboid fossae) occurring in the region of the costo-clavicular ligament. These defects 
were described by the authors as the result of a `... pull by the ligament on the outer area 
of the periosteum' (Jit and Kaur 1986: 102), but were unable to say precisely what 
caused the excavation. Interestingly, they raised the point that a similar excavation does 
not appear where the inferior portion of the ligament attaches to the first rib. 
The sample that they examined included 20 neonates, 60 children and 789 adults of 
known age and sex. No defects were observed in the neonates supporting the belief that 
this lesion does not develop until about four or five years of age when there is greater 
movement of the upper limbs (Jit and Kaur 1986). No significant sex differences were 
observed in size or location in both children and adults, but the higher prevalence of 
unilateral cases on the right side was significant for both sexes (ibid. ). 
4.3.3 Cortical defects in archaeological bone 
Cortical defects have been reported on several occasions in the anthropological 
literature. Angel et al. (1987) examined a range of activity related lesions in 'a, 19th 
century assemblage of freed slaves from the First African Baptist Church in 
Philadelphia and compared them with markers identified in the Catoctin Furnace slaves 
from Maryland. The deltoid site was among these and was seen in less frequency among 
the former group. The authors rely heavily on the context of these samples when they 
associate this lesion with `.:.. using an axe and lifting and lowering heavy weights' 
(ibid.: 222). 
Molleson (1989a) noted defects on the proximal humerus in the region of the deltoid in 
a Mesolithic sample from Syria and used this to support her claim that other changes 
(such as squatting facets and degenerative changes) were related to preparing grain in a 
saddle quern and mortar. Knüsel's (2000b) report on defects in the battle victims from 
Towton concludes that they reflect `... powerful arm movements in this group' 
(ibid.: 115) and Hawkey and Merbs (1995) suggest that defect distribution in addition to 
other changes at muscle insertion sites in the Thule Inuit from Hudson Bay, Canada, 
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reflect a division of labour between the two sexes, as well as temporal changes in 
activities. 
Cortical defects have been observed in high frequencies among high status or highly 
professional groups. Robb (1998), on defects among the elite. in a prehistoric 
assemblage from Pontecagano, Italy, suggests that these individuals represented an elite 
fighting class, or a class who regularly engaged in aristocratic sports such as warfare 
and athletics. Stirland's (1998) comparative analysis of muscle sites in the Mary Rose 
specimens and medieval skeletons recovered form Norwich identified patterns that 
distinguished the former as a highly professional group that was engaged in specialised 
tasks. 
4.3.4 Recording cortical defects in archaeological human bone 
Hawkey and Merbs (1995) adopted a five-graded scoring system to record defects in 
their study and, giving careful consideration to the movements that might have 
produced these, suggested a range of activities. However, they did not fully account for 
age, nor consider the bio-mechanical processes behind the formation of these lesions in 
their interpretations. Standardisation is also stressed in Steen et al's (1996) work on 
Alaskan Eskimos. Here, importance is also placed in observing the distribution of 
lesions around the skeleton instead of focusing on single muscle sites. 
Stirland (1998) explored methodologies in specimens recovered from the Mary Rose 
and argued that numerical grades are misleading because they imply greater or lesser 
mechanical stress; until the relationship between muscle use and size of defects is 
properly understood, grading systems are of limited value. Using letters to denote 
different sizes might be preferable. Stirland also drew attention to the fact that analyses 
should look at how muscles work together instead of evaluating them independently 
because this tends to obscure `.... patterns of co-operative activity' (1998: 358) and 
therefore cannot reflect specific activity. 
Robb's (1998) statistical analysis of muscle insertion sites including cortical defects on 
the proximal humerus, concentrated on patterns of involvement rather than individual 
lesions and specific activities. This work examined 18 sites in a sample of adult Iron 
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Age skeletons from the Pontecagnano cemetery. This approach allowed for a much 
more careful appreciation of the fact that modifications occur as the result of a 
combination of muscle movements and, where specific activities could not be implied, 
the patterning of lesions could be used to identify the distribution of activity. 
By analysing muscle insertion sites alongside grave good distributions (assuming that 
grave goods reflect status), this study specifically addressed the potential of such lesions 
to reflect status. This analysis distinguished a high status and a low status group of 
burials in which grave decoration and prevalence of pathological conditions coincided 
with patterns of muscle marking. Although these groups could be identified, precise 
activities could not be distinguished highlighting the inability of these markers to reflect 
variability in activities undertaken by each group, and movement between social groups 
(Robb 1998: 375). Robb also explored the association between muscle insertion 
modifications with age and highlighted the tendency for changes to appear with 
increasing age until between 40 and 50 years when it levels off. This pattern may be 
biologically controlled, or it may reflect a decrease in activity with older age (ibid). 
4.4 Osteoarthritis 
Since its first proper description in the 18th century by Heberden, osteoarthirits (OA) 
has been an attractive condition to study; it is one of the most common conditions 
encountered in archaeological and living populations, it is relatively straightforward to 
diagnose, and it is discussed widely in the clinical literature. OA is also one of the few 
conditions for which interpretations are not hindered by mortality bias; it `.... is . not a 
disease which, in itself, leads to premature death, nor is it associated positively with 
other causes of death, so that subjects who have osteoarthritis may be expected to live 
their normal life span' (Waldron, 1991a: 306). 
The present study considers OA to be a multi-factorial condition in 'which the 
advancement of age increasingly becomes a predisposing factor. It has been included in 




OA has been referred to by a number of different terms including: hypertrophic arthritis, 
osteoarthrosis, and degenerative joint disease. For reasons mainly relating to changing 
perceptions of the condition, these are no longer favoured and osteoarthritis is the most 
widely used term in clinical and anthropological texts (e. g. Dieppe, 1994a, b; Rogers and 
Waldron, 1995). 
OA causes the focal destruction of cartilage and a subsequent bony reaction of the 
subchondral and marginal bone (Radin et al., 1972). Current understanding of this 
condition is closely linked to the composition and function of diarthrodial joints which 
are essentially composed of four elements; a fibrous capsule, synovial membrane, 
synovial fluid, and hyaline cartilage (Shipman et al., 1985). The fibrous capsule 
functions along with the tendons and ligaments which strengthen the connection 
between adjacent bones (Moffat, 1987). The synovial membrane secretes synovial fluid 
into the joint cavity and has protruding villi which remove fragments of sloughed 
cartilage and bone (Ghadially, 1978). Synovial fluid reduces friction between the bones 
of the joint by providing lubrication and nutrients for the cartilage and hyaline cartilage 
covers each end of a joint, distributes loading evenly and reduces friction. Its key 
property is its high resistance to wear allowing both sides of a joint to glide over each 
other during movement (Brandt, 1985). 
The primary function of diarthrodial joints is to facilitate forms of mobility such as 
extension and flexion. This mobility is mediated by the shape of the articular surface, 
the anatomy of the capsule, and the ligamentous connections across the joint (Larsen, 
1997). 
4.4.2 Palaeopathology 
On dry bone typical changes include: eburnation, osteophyte formation, porosity, and an 
altered bony contour (Rogers et al., 1987). Vertical grooves may accompany 
ebumation, especially on the surfaces of hinge joints such as the elbow and the knee 
(Rogers and Dieppe, 1993). These changes can be centrally located on the joint surface, 
or they can be present on the margin of a joint (the chondro-osseous junction). 
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Clinically, OA is mainly diagnosed by radiological examination. Characteristic 
radiological changes include: - sub-chondral sclerosis, sub-chondral cysts, osteophytosis, 
and joint space narrowing (Kellgren and Lawrence, 1957). 
Several systems for recording OA in dry bone have been described in the literature (e. g. 
Rogers and Waldron, 1995; Buikstra and Ubelaker, 1994). The seminal study by Sager 
(1969) on cervical spines in a modern Danish population, and medieval monastic and 
hospital specimens, presents a detailed system for scoring changes which continues to 
be employed by workers today (e. g. Knüsel et al. 1997). This and other texts reflect 
varied opinions as to what constitutes OA both in terms of the bony changes and the 
degree of changes. Some workers diagnose OA based on the presence of any one of the 
following changes: osteophyte, porosity, or eburnation. This criterion is popular among 
American palaeopathologists' (e. g. Bridges 1993a, Jurmain 1980, and Merbs 1983). 
Other specialists will only record OA if two of the following changes are present: 
marginal osteophyte and/joint surface osteophytes, joint surface pitting, or bony contour 
change. Eburnation is pathognomonic of OA and is counted regardless. In particular, 
this criterion is employed by British palaeopathologists (e. g. Rogers and Waldron, 
1995; Waldron, 1991a). 
4.4.3 Epidemiology 
OA increases in frequency with age and in living populations it affects more mature 
females than mature males (Brandt, 1985). Although OA 'can affect any synovial (or 
diarthrodial) joint the hips, knees, hands, vertebrae, acromio-clavicular joint and the 
metatarsophalangeal joint are the most frequently involved sites (Dieppe, 1994b). 
The involvement of sites can vary between populations and over time (Rogers et al., 
1981; Dieppe, 1987; Thould and Thould, 1983; Waldron, 1995). For example, today the 
prevalence of OA of the knee has surpassed that of the hip (Rogers and Dieppe, 1994). 
Epidemiological data reflect several general trends in site distribution. For example, OA 
in the wrist is observed frequently as a consequence of trauma (Cooper, 1994), hip OA 
is commonly associated with congenital conditions such as Perthe's disease (Brandt, 
1985), it is rarely observed in the ankles and feet and it can manifest itself as 
Heberden's nodes in- the distal inter-phalangeal joint of post-menopausal women 
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(Dieppe, 1994b). OA can also be 'secondary to pathological conditions including Pagets 
disease, septic arthritis, and trauma (Resnick and Niwayama, 1995b). 
4.4.4 A etiology 
There are many factors that contribute to the aetiology of OA and among these are: 
genetic and systemic predisposition, obesity, age, sex, disruption to the mechanics of a 
joint following trauma and mechanical stress (Rogers and Waldron, 1995). Some 
patterns of multiple joint involvement have distinct epidemiological features and this 
may reflect common predisposing factors which may be particular to certain groups 
(Waldron, 1994). For-example, OA of the knee and the hand are positively associated 
with obesity (Dieppe, 1994b). Combined with other archaeological and 
palaeopathological data it may be possible to speculate which are the most likely factors 
that contribute to any one pattern seen in past populations. Although it may be possible 
to say that a certain factor predisposed individuals in a group to a particular pattern of 
OA, this does not mean that these individuals can be distinguished . 
from the rest of the 
population. Some individuals may present the same pattern for entirely different reasons 
(Waldron, 1994: 98). 
It has been argued that over-use of a joint causes it to wear out and as such OA is 
regarded as a degenerative condition (Wells, 1964). This view has been coined the 
`stress hypothesis' (Cobb', 1971) and it has been fuelled by controlled tests on animals. 
These tests have explored repetitive forms of stress, such as running (e. g. McKeag, 
1992 ) and stress. introduced into a joint as a result of trauma (Mankin et al., 1986). 
Initial observations of the physical processes associated with OA which identified the 
focal loss of cartilage are thought to have influenced this concept (Rogers and Waldron, 
1995). 
4.4.5 OA and socio-economic status 
Wells (1964) identified a high prevalence of OA among lower class Egyptian women 
and suggested that they were `.... submitted to a great deal of oppressive drudgery and 
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oppressive work' (Wells 1964: 64). Although his interpretation is not acceptable today, 
this trend is nevertheless interesting. 
Tainter (1980) examined the prevalence of osteoarthritis in the knee, shoulder and 
elbow in individuals of ascribed hierarchical status (as inferred from archaeological 
evidence) from the Pete Munk and Gibson mounds of the Illinois River Valley. High 
ranking adults over the age of 35 years were found to have `less severe' (present 
author's quotes) elbow osteoarthritis than those of lower rank and, among high ranking 
females, `less severe' knee OA was observed compared to females of other ranks (ibid. ). 
These results may imply that high status individuals engaged in activities that were 
physically less demanding than those of a lower rank (Larsen, 1997: 178). 
4.4.6 Osteological interpretations of OA in the context of activity 
A large volume of work has placed great emphasis on mechanical stress as a major 
component of OA and has used this to identify groups that undertook different activities 
or occupations. This concept has been the driving force behind numerous 
anthropological studies of activity since the 1960s. Perhaps its greatest proponents are 
Angel (1966b) and Wells (1964) whose studies mark some of the earliest contributions 
to this work. 
Angel (1966b) examined 13 archaeological specimens from Tranquility in California 
and-observed a higher prevalence of elbow OA involving the lateral joint (capitulum-* 
radial) compared to shoulder OA. He linked this to board (atalatl) throwing, a weapon 
used by this population, which he believed required faster throwing than a spear and 
involved extension of the elbow rather than extension and abduction of the shoulder. 
Angel's work inspired a series of studies that focused on the elbow joint. Ortner (1968) 
identified a prevalence of 18% elbow involvement among the Inuit compared to 5% 
among Peruvians and observed that the Inuits displayed changes that were more 
considerable in the lateral compartment. Ortner explained these patterns from a 
functional perspective (the lateral compartment is more susceptible to mechanical stress 
because of the physiology of the elbow), and stressed the influence of mixed motions of 
flexion and extension, as well as rotation that occur here. Therefore, this could mean 
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that OA in the elbow is more closely related to biomechanics and is more likely to arise 
as the result of considerable over-use of this joint. 
Work has identified a tendency for elbow involvement to be more frequent in 
archaeological populations than contemporary groups more consistently than other 
joints (Bridges, 1992). This may suggest that activities that placed considerable stress 
on this joint were more common in the past than today. However, the tendency for OA 
to be common in the lateral compartment of the elbow is mainly confined to Inuit 
groups (Merbs, 1983; Jurmain, 1978); such trends have not been reproduced in 
subsequent analyses of other populations known to have used the atlatl (e. g. Bridges, 
1989). Further, although Jurmain (1980) suggested that symmetry may indicate that 
mechanical stress is more closely associated with OA, most elbow involvement was 
found to be asymmetrical in his study. Therefore, an association between activity and 
elbow OA is not that straight forward; other factors such as genetic predisposition, diet, 
and general living conditions may also play a part in its aetiology. 
Wells (1964) presents many activity-based interpretations in his work on OA. Among 
these are his assertion that the high prevalence of OA affecting the first ' metatarsal in, 
Macedonian soldiers was due to marching for long hours in `clumsy footwear' 
(ibid.: 65). 
Merbs (1983) on the Sadlermiut, a Canadian Inuit population which became extinct in 
the early 20th century, undertook a very detailed study of activity and OA. In this study 
he recorded OA in the spine and at several sites in the appendicular skeleton. Merbs 
used these data to reconstruct Canadian Inuit lifestyle and related OA to several 
activities. For example, tempor9mandibular OA, found mainly in women, was linked to 
softening animal skins in their mouths, and the distribution of OA in the males was 
linked to kayaking and harpoon throwing. Hip OA displayed a low frequency which is 
contrary to observations of other archaeological populations (e. g. Rogers et al., 1981). 
This was a systematic study that carefully recorded patterns on outline drawings, 
presented clear illustrations and explored distributions by sex. However, Merbs did not 
control for age, and his observations were based on a small sample (N=91). 
Other work has explored associations between OA and a variety of other activities. 
Among these are: horse-riding (e. g. Reinhard et al., 1994, cited in Larsen, 1997: 175), 
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food production (e. g. Wells, 1964), and- subsistence strategies (e. g. Cohen and 
Armelagos 1984). This also includes work that has been based on historical populations 
for which some documentary evidence exists (e. g. Lai and Lovell, 1992). 
Not all these studies have reflected a positive correlation. For example, the prevalence 
of hand involvement in a named sample of weavers from the crypt of Christchurch 
Spitalfields (1729-1869) did not support an association between OA and this 
occupation. Age was considered to be the most influential factor in the 
aetiopathogenesis of OA in this group (Waldron and Cox, 1989). 
4.4.7 Clinical studies of OA in the context of activity 
Clinical data present a mixed picture and this does not support the view that activity is 
the sole cause of OA. A number of studies have been carried out on controlled groups 
such as farmers, dock-workers, miners, baseball players and athletes and none of these 
confirm a direct correlation between activity and OA. 
An interest in the relationship between occupation and OA dates from the late 
nineteenth century when Lane made the suggestion that this was an important factor in 
the site distribution and severity of the condition (Mays, 1987). 
Many studies have followed on from this. For example, Vernon (1921) observed 
workers of the iron and steel trade and noted that it was common among those engaged 
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in -smelting and puddling. Heine (1921, cited in Mays, 1987: 234) on the other hand 
studied cadavers and reported no significant difference in the frequency of OA between 
individuals of different occupations. 
Kellegren and Lawrence (1958) examined the prevalence of knee and hand OA in 84 
miners, 45 manual workers and 42 office workers aged between 40 and 50 years. They 
found frequencies were highest in miners followed by manual workers. Office workers 
showed the lowest frequency. Statistical analysis revealed a significant difference in the 
prevalence of knee OA, but not in the hands. 
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A high frequency of elbow OA has been observed in baseball pitchers (Adams, 1965). 
Most considerable changes have been reported on the lateral compartment echoing the 
atlatl elbow described above. Adams noted that the degree of changes was equal to the 
amount of throwing. ' 
Radler et al. (1978) examined the distribution of OA in the hands of textile workers and 
found significant differences in the right hand compared with the left. Differences in 
tasks also coincided with different patterns of wrist involvement. 
Lane et al. (1987) found no, positive correlation between long distance running and the 
prevalence of knee OA. Eichner (1989) hypothesised that running could encourage an 
adaptive response thereby decreasing susceptibility to OA. Eichner (ibid. ) suggested 
that in-active lifestyles could be a'predisposing factor. This view is echoed by Bridges 
(1991'; 1992) in her discussion of OA in hunter-gatherer populations. She suggests that 
instead of persistent bio-mechanical activity, inconsistent excessive loading may be a 
more likely explanation (see below). 
Perhaps the most interesting trends have been reported in farmers. This has attracted a 
lot of attention in anthropology because, compared to other groups, trends have been 
quite distinctive among these individuals. Several studies of farmers have consistently 
demonstrated an increased risk of hip OA, but this has not been related' to a specific 
activity (e. g. Croft et al., 1992). In particular, this has been identified in individuals with 
a long history of farming since childhood suggesting that activities from an early age 
increased their risk of developing OA later in life. Agricultural activities undertaken 
from an early age may have influenced the tendency for the hip to be affected in 
otherwise predisposed individuals. A similar prevalence has not been identified in 
archaeological samples of early agriculturalists (e. g. Bridges, 1991). This may suggest 
that some other factor besides activity contributed to a high prevalence of hip OA' in 
modem farmers. Besides, the biases inherent in examining living populations compared 
to archaeological populations may mean that this trend is falsified (see below). 
These studies demonstrate that the relationship between OA and activity is far more 
complex than was once thought. Rogers and Waldron (1995) have suggested that rather 
than being a predisposing factor, biomechanics `.... probably act(s) to determine which 
joints are involved in an otherwise predisposed individual. ' (1995: 33). Knüsel (1993; 
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2000a) and Bridges (1993b) have suggested that OA and activity may be inversely 
correlated. Bridges (1989; 1991) has observed that although increased biomechanical 
stress is reflected in the robusticity of the adult bones of early agriculturalists, there is 
no increase in OA, while OA is more prevalent among hunter gatherers who display less 
bone robusticity. Based on this, Bridges (1993b) and Knüsel (1993) propose that 
mechanical stress at an early age results in the development of greater bone mass and 
enthesial alterations. This serves to reduce susceptibility in these individuals to 
developing microfractures that can lead to OA in later life. OA as the result of trauma 
may be more common in groups that did not engage in stressful activities until later 
adult life (Bridges, 1993b). 
4.4.8 Problems associated with studying OA in dry bone 
Perceptions of this disease have, until recently been very limited. Although it has been 
demonstrated in living groups that joints have the ability to repair or stabilise 
confirming that OA is not necessarily a progressive disease resulting from wear and tear 
(Doherty and Dieppe, 1986), osteologists have maintained the view that OA becomes 
more common and more severe with age. This has been fostered by the fact that 
deceased populations, unlike living populations, cannot present longitudinal data. Since 
degeneration implies deterioration, senescence, ageing or breakdown (Brandt, 
1985: 1432) it is inappropriate and best not used in this context. 
While it has long been acknowledged that OA is a multi-factorial disease (e. g. Wells 
1964), in practice this has not been properly taken on board by osteologists. While 
clearly a highly significant factor, bony changes are often over-emphasised at the 
expense of other important changes that take place in the surrounding tissues. As a 
result clinical data are often interpreted from this very . narrow perspective. Jurmain 
(1999: 109) notes that this has encouraged an over reliance on Radin's (Radin et al., 
1972; Radin 1975; 1976; Section 4.4.1) work at the expense of more diverse texts on the 
aetiopathogenesis of QA. 
Studies of OA also present incompatible data because methods used to observe, record 
and report on this disease are inconsistent. In particular, the criteria that are employed to 
diagnose the condition vary considerably and this can greatly affect the rank order of 
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joint prevalence in a skeletal assemblage (Bridges, 1993a; Waldron and Rogers, 1991; 
Section 4.4.2). Waldron (1991 a) has criticised those who diagnose the condition based 
solely on osteophytosis because this can accompany other diseases as well as age. 
Rogers and Waldron (1995) urge a cautious approach in which joints displaying 
ebumation as well as those that present undoubted evidence for the disease (such as 
mushroom shaped femoral heads with porosity and bony contour change) are counted 
only. The way more complicated joints (e. g. the shoulder, elbow and knee) are reported 
and observed also varies considerably (Jurmain, 1990; Merbs, 1983). This is despite the 
fact that clinical findings have demonstrated that different compartments have different 
functions and are affected differently by OA (Rogers and Dieppe, 1994; Shepstone, 
1998). 
These problems have frequently meant that researchers have had to resort to very 
general observations about OA in the past (e. g. Bridges 1992). It is claimed that current 
anthropological data relating to OA probably bears more of a reflection of 
methodological procedures than it does on population trends (Bridges, 1994). 
These methodological issues are compounded by the incompatibility that exists between 
observations on dry bone compared to those in a clinical setting. The reported 
distribution of sites can vary because some aspects of the skeletal anatomy are obscured 
on a radiograph. Some changes that are obvious on dry bone are invisible radiologically 
because, unlike the radiologist, the palaeopathologist can see all around a joint. For 
example, radiologists rarely diagnose OA on the odontoid peg and the inter-metatarsal 
and inter-metacarpal joints (Rogers and Waldron, 1995). Based on dry bone inspection 
specialists have reported a prevalence 67% for OA of the knee compared to just 4% 
based on radiological inspection of the same specimens (Rogers et al., 1990). 
In an attempt to address these issues, Bridges (1993 a) urges specialists to present data in 
their most complete form so that they are accessible to others. Scoring changes 
separately as slight, moderate, or severe, enables frequencies to be calculated by other 
specialists according to their own diagnostic criteria and also reflects the extent and 
variation of changes in each joint (ib1d). Jurmain's critique (1999) of current 
methodologies stresses the need for large samples so that patterns can be systematically 
explored and tested, as well as a need to systematically control for age and sex biases. 
The adoption of simple procedures is also urged so that inter-observer error is reduced 
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(ibid. ). Studies of inter- and intra- population distributions of OA (Rothschild, 1995) 
and clinical comparisons (Waldron, 1991a; Rogers and Dieppe, 1993) are also 
recommended since these can present more meaningful data than studies that focus on 
individuals. Although these approaches have so far continued to reflect mixed results 
with regard to activity, they are at least more grounded and systematic. 
4.5 Conditions of the Spine 
There are several conditions that can affect the spine and which have been attributed to 
activity including, OA of the apophyseal joints, degenerative disc disease, marginal 
osteophytosis, and Schmorl's nodes. Among the aspects that have been explored are the 
impact that carrying heavy loads or picking something up can have on the spine (e. g. 
Waldron, 1991b; Sofaer-Derevenski, 2000; Lovell, 1994) handedness (Bridges, 1994; 
Merbs, - 1983), and lesion distribution among high and low status burials (Knüsel et al., 
1997). 
These and other studies present -mixed results in terms of a relationship between 
conditions of the spine and activity. Further, there is general agreement among 
specialists that OA of the apophyseal joints, degenerative disc disease and marginal 
osteophytosis are not useful for investigating activity in the past (Bridges, 1994; Kniisel 
et al., 1997). Rather than reflecting activities these conditions are obscured by `.... 
stresses imposed by spinal curvature and weight-bearing due to our erect posture' 
(Bridges 1994: 93). For this reason, and the fact that preservation of the vertebrae from 
Llandough is particularly poor, this section focuses on Schmorl's nodes only. 
4.5.1 Schmorl's Nodes 
Sclunorl's nodes (or cartilagionous nodes) appear as depressions on the vertebral body 
end plates. They are pressure defects which occur when material from the nucleus 
pulposus of the inter-vertebral disc herniates through the vertebral end plate. In this, 
sense they are a mild form of burst fracture injury that occurs in the spine (Lovell, 
1997: 143). 
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Schmorl's nodes are typically irregular in shape and are lined with cortical bone. They 
are most commonly seen in the lower thoracic and lumbar spines and although often 
located centrally, they can occupy any position on the superior and inferior surfaces of 
the bodies. Their position reflects where the disc has prolapsed. Anterior Schmorl's 
nodes found in association with kyphosis, and - osteophytosis is considered 
pathognomonic of Scheuermann's disease, a condition which is associated with 
adolescent trauma (Resnick, 1995c). 
Clinically, Schmorl's nodes are so common that they are considered. `relatively 
unimportant' (Dieppe, 1987: 16.82). They usually present no symptoms, affect males 
more' than females and typically appear in adolescence when the bone is relatively 
supple (Hilton et al.; 1976; Kelley, 1982). 
4.5.1.1 Aetiology 
Beadle (1931) concluded that they occurred in areas where the cartilaginous end plates 
were abnormally thin and linked this to a weakness which predisposed individuals to 
herniations as the result of excessive physical stress. Histological and histochemical 
findings would seem to support this theory (Aufdermaur, 1981) although there is little 
conclusive evidence to suggest what the weakened area is caused by and what initiates 
the prolapse. 
Schmorl and Junghanns (1971) make several suggestions concerning the weakness and 
among these are: defects or scars from blood vessels, necrotic tissue, and ' indentation 
where the tendons lie. The problem with these suggestions is that there is great 
variability between individuals in the location of cartilaginous nodes and they often do 
not correspond with the location of these different tissues. 
Various factors that cause the actual herniations have been suggested. Resnick and 
Niwayama (1978) state that they can accompany any disease process that causes a 
weakness in the cartilaginous end plate or subchondral bone of the vertebral body. 
Among some of the possibilities are: trauma, metabolic conditions (such as Pagets and 
osteoporosis), degenerative disc disease, and neoplastic disorders (1978: 3599). 
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Therefore, investigating other areas of the skeleton for pathological changes would be 
prudent and has, to date, been absent from osteological investigations. 
Alexander (1977, cited in Resnick, 1995: 3599) identifies cartilaginous nodes as 
fractures which occur under extreme pressure during rapid growth when the end plate 
and metaphysis are at their most vulnerable. They affect individuals who experience 
degeneration of the nucleus pulposus due to traumatically induced growth arrest. 
Common to all of these interpretations is the fact that Schmorl's are caused by some 
non-specific weakness. It is probable that this weakness is multi-factorial in nature. In 
the osteological literature, great emphasis is placed on the traumatic aspect of this 
condition without paying attention to other features. For example, Larsen (1997) 
discusses a high prevalence of Schmorl's nodes in conjunction with compression 
fractures in a 190' century sample from Snake Hill cemetery, New York. He concludes 
that `..... these findings indicate that early nineteenth century military recruits were 
subjected to excessive loading of their spines.... ' (ibid.: 173). 
Other studies support clinical findings of a higher prevalence among males and have 
interpreted this in terms of division of labour between the sexes (e. g. Robb, 1994). 
However, males may display a higher prevalence than females because of a 
predisposing factor (or factors) other than activity. Jurmain (1999: 168) suggests that a 
systemic non-localised cause is just as likely. Although more common in males, they 
are `usually quite frequently expressed in both sexes... ' (ibid. ) and could almost be 
considered to be. normal variation, or as Jurmain says `an anomaly' (ibid. ). 
4.5.1.2 Studies of Schmorl's nodes in archaeological material 
Studies of Schmorl's nodes have been scarce and the condition is often only noted in 
passing. However, more recent work reflects revived interest. Stirland and Waldron 
(1997) analysed this condition in skeletons from Norwich and identified a high 
prevalence among older males. They suggested that Schmorl's nodes may be a 
condition of the elderly (ibid. ). A high prevalence, (89% of all males, or 41% of all 
vertebrae), was identified in the Towton skeletons and primarily involved the lower 
thoracic region (Knüsel, 2000b). Unlike the Norwich skeletons, the condition did not 
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increase in frequency with age and therefore, KnUsel (2000b: 112) suggests that heavy 
loading of the vertebrae early in life may have significantly contributed to the condition 
in this population. 
Robb et al. (2001) analysed a range of markers in a socially stratified. Iron Age burial 
group from Pontecaganno, Italy. Of these markers Schmorl's nodes showed the greatest 
tendency to be prevalent among low status burials. Cherryson's (2001) preliminary 
observations of several markers in a sample from the Saxon cemetery in Apple Down, 
West Sussex, have also identified a high prevalence of Schmorl's nodes in association 
with grave goods that are believed to reflect low status. Rodriguez and Sullivan (1997) 
have identified a high prevalence in the thoracic region of spines belonging to early 20th 
century skeletons that were buried in a paupers' cemetery, Milwaukee county (US). 
These studies indicate that Schmorl's nodes may make a useful contribution to social 
reconstruction in the past, even though their aetiology is far from clear. A new 
perspective, which considers -factors other than activity such as body mass, would be 
interesting. However, since. Schmorl's nodes are associated with a' number of highly 
complex variables that would be difficult to factor out (not least because that they are so, 
common and, as with degenerative disc disease are intricately linked to posture and 
loading), this would be a difficult task. 
Although it would be unwise to use them as indicators of demanding physical labour 
per se., a predilection for low status groups has been suggested and this justifies their 
use in this study as a non-specific indicator. These lesions may also relate back to 
childhood and, as such, could provide a useful lens through which to consider achieved 
and ascribed status. Added to, this are the benefits of combining them with other 
pathological and demographic trends, which could be revealing. However, in the 





This chapter reviews the contribution that the analysis of skeletal trauma can make to 
the study of status in the past. Previous work, methodologies, and limitations are 
discussed. 
5.1 Introduction I 
Compared to most conditions, trauma lends itself much more readily to 
palaeopathological investigations. It is a common finding in archaeological assemblages 
and when it occurs it is relatively unambiguous and usually straightforward to identify. 
Trauma is also one of the few conditions where clinical data are directly comparable 
and this provides a much more concrete basis for interpretation. 
Trauma refers to `any bodily injury or wound and (it) may affect the bone and/or soft 
tissues of the - body' (Roberts, 1991: 226). This study focuses on fracture analysis 
because it is a very relevant indicator of socio-economic status. Fractures reflect the 
forces and sometimes even the activities that caused them, but they can also reveal other 
diverse aspects of society that are closely related to an individual's socio-economic 
standing. For example, the alignment of' a -fracture and. evidence for secondary 
conditions such as infection and joint disease allow estimates to be made about the 
quality of treatment an individual received. This can be combined with'an assessment of 
stress indicators to examine the relationship between the state of a fracture and an 
individual's overall health status. The final status of healing can also give some clues 
about the amount of disability an individual may have suffered following an injury.. 
Fractures arising from violence present a valuable reflection of interpersonal relations, 
not only in terms of the different social contexts that give rise to them, but also the types 
of weapons (e. g. flint tools, arrow heads, swords, bullets etc, ) used because this holds 
implications about the availability of different technologies and materials (Boylston 
2000: 357; Greenfield, 1999). 
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5.2 Fractures 
Fractures are the most prevalent traumatic lesions encountered in archaeological 
populations and as such they have received the greatest attention in palaeopathological 
studies to date. A fracture may be defined as `the result of any traumatic event which 
leads to a complete or partial break in the continuity of the bone' (Roberts 1991: 226). 
5.2.1 Fracture Types and Descriptive Terms 
Fractures are observed in archaeological bone as lesions that are completely or partially 
healed, and less rarely as breaks that either failed to re-unite, where re-union was 
delayed, or were incurred at around the time of death. Fractures can be open 
(compound) or closed (simple) and they can either disrupt both cortical surfaces or the 
entire circumference of tubular bone (complete fracture), or can result in partial 
disruption to the continuity of bone (incomplete fracture), (Resnick et al., 1995). 
Depending on the force, fractures take on several distinctive shapes and patterns in 
bone. These are described and illustrated in several standard texts -(for example, 
Crawford Adams, 1983; McRae, 1981; Rogers, 1992). Of these, transverse, oblique, 
spiral and crush fractures are among the most common. These have been classified 
using terms that derive either from the causative force, their appearance, the skeletal 
anatomy involved, the person who first described them, or the activity with which they 
are most commonly associated (Merbs, 1989). 
Most fractures observed in archaeological bone are caused by direct or indirect forces. 
Direct forces can result in fractures at the point of impact. They include transverse, 
penetrating (such as that from a projectile wound), comminuted and crush fractures. 
Fractures that occur in a different place to the site of impact are due to indirect force. 
This includes oblique, spiral, and greenstick fractures. Impacted, avulsion and burst 
fractures are also caused by indirect forces but are seen less frequently. Fractures may 
also be secondary to pathological conditions that may predispose an individual to injury 
and recurrent stress. These are generally infrequent and include conditions such as 
spondylolysis and spondylolisthesis. Since this category is generally infrequent, it has 
not been selected for analysis in the present study. 
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All of these mechanisms and the types of fracture most commonly associated with them 
are extensively' described in several standard radiological and orthopaedic texts (e. g. 
Crawford Adams, 1983; McRae, 1981; Rogers, 1992). 
5.2.2 Fracture Healing and Complications 
The assessment of healing and complications in dry bone can provide information about 
quality of life following an injury, the overall health status of an individual and 
sometimes the circumstances of death (Roberts, 1988). 
Healing in a fractured bone begins immediately after the insult occurs. It is described as 
following six physiological stages of impact, induction, inflammation, soft callus, hard 
callus, and remodelling (Lane and Werntz, 1987). The speed with which this occurs 
depends on several factors. Some of these are: the type of bone involved (i. e. tubular or 
cancellous bone), the size of the bone (larger bones such as the femur will take longer 
than smaller bones such as a metacarpal), the age of the individual, the blood supply to 
the fractured bone and mobility (for example, rotary movements tend to tear the delicate 
tissues that bridge a fracture in the early stages of healing) (Salter, 1983). Healing 
processes are described in several primary texts (e. g. Crawford Adams, 1983; Resnick 
et al., 1995; Rogers, 1992). 
The rate of fracture healing can also be affected if there are complications with the 
lesion, and in some cases they can prevent it. Complications may be categorised as 
those that arise due to soft tissue damage, (e. g. haemorrhage or infection), prolonged 
recumbency, (e. g. deep venous thrombosis) surgery, (e. g. wound infection), and 
complications that are particular to the fracture itself (McRae, 1981: 59). 
Most complications seen in archaeological bone fall into this latter category. 
Complications particular to a fracture can include, for example, haemorrhage, - shock, 
rupture of tendons, nerve palsy, and fat embolism, (McRae, 1981). These show limited 
or no manifestation in dry bone, yet clinical evidence demonstrates how these must 
have had a considerable impact on the quality of the lives of those who experienced a 
fracture in the past (Rogers, 1992). More common are: disorders that are related to the 
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speed and quality of union, complications that-are specific to the type and location-of a 
fracture, avascular necrosis, atrophy, and neuropathy. 
5.2.2.1 Disorders that are related to the speed and quality of union 
This can be observed as slow union, delayed union, malunion and nonunion, poor 
alignment, shortening, infection, pseudoarthrosis, and premature osteoarthritis in related 
or unrelated joints that have compensated for the impaired function of a bone. 
According to standard orthopaedic texts, delayed union occurs when fracture ends fail 
to unite in the expected amount of time and, therefore, a gap is produced between the 
ends which is bridged by poor quality 
callus, often localised to an area (McRae, 1981). 
This is different to slow union in which the ends unite in the normal way but at a slower 
rate (ibid. ). Malunion usually refers to when the fracture ends unite in a position that 
affects the appearance and/or function of a bone or the union shows slight persistent 
deformity which is prone to complication (ibid). There are two types of non-union that 
are recognised: hypertrophic in which the fracture ends are enlarged and flare out, and 
atrophic in which the fracture ends are narrow, rounded and osteoporotic, often 
avascular (ibid.: 60). 
Shortening is usually encountered as the result of malunion and often occurs under the 
follöwing circumstances: when angulation is marked, in off-ended transverse fractures 
and in displaced spiral or oblique fractures. Additionally, if the width of the epiphysis is 
damaged, growth arrest may follow causing progressive - shortening of the limb 
(ibid.: 61-62). 
All other conditions in this category are described in standard texts (Aufderheide and 
Rodriguez-Martin 1998; Ortner and Putschar, 1985), or in other sections of this thesis 
(e. g. infection and osteoarthritis) (Chapters Three and Four). 
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5.2.2.2 Complications that are specific to fracture type and location 
For example, ischaemic necrosis of the femoral head can accompany acetabular 
fractures, and inferior displacement of the humeral head can result from a fracture at 
this site. Different fracture types and the complications that are associated with them are 
discussed in detail by Resnick et al., (1995) and summarised by Salter (1983). 
5.2.2.3 Avascular necrosis, atrophy, neuropathy, 
Avascular necrosis, or death of bone due to interference with the blood supply, can 
result in softened distorted bones and lead to pseudoarthrosis and osteoarthritis (McRae, 
1981). The likelihood of avascular necrosis occurring increases with greater 
displacement because this causes more disruption to the blood vessels (ibid. ). This 
complication is seen more frequently near the ends of bones (Aufderheide and 
Rodriguez-Martin, 1998) and has been observed less than a year and up to four years 
after an injury (Crawford Adams, 1983) 
Neuropathy can result in muscle atrophy and this may be visible in archaeological bone 
as a limb that has become atrophied from prolonged disuse (in cases of prolonged nerve 
dysfunction). Nerve damage can also lead to lack of pain sensation which may result in 
use and mobility of a fractured bone, and can delay or impair healing (Aufderheide and 
Rodriguez-Martin, 1998). While there may not be direct evidence, it is essential that 
nerve damage is considered by using clinical parallels and by implication of where the 
fracture is located. For example, a fracture in the spine can be associated with* damage 
to the spinal cord or spinal nerves which can lead to paralysis, and depressed skull 
fractures, where the bone is displaced endo-cranially, can cause brain damage. 
5.2.3 Treatment of Fractures 
Evidence for treatment and its effectiveness provides a valuable insight in to the 
abilities and resources that were available in the past as well as the attitudes that were 
held about conditions. Several documentary sources (e. g. paintings and historical 
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accounts) tell us about this, but direct evidence in dry bone is relatively under-explored 
(Roberts, 2000b). 
Treatment can be explored in archaeological human bone by observing evidence for 
trepanation, amputation. and the alignment of fractures of the long bones. Trepanation 
and amputation are discussed in several texts (e. g. Ackerknecht, 1967 and Roberts and 
Manchester, 1995). Treatment of long bone of fractures has, by comparison, received 
less attention. 
There are three main procedures that are required to treat fractures including, 1) 
reduction, 2) immobilisation, and 3) maintenance of circulation and muscle tone 
(McRae, 1981). That well healed fractures are frequently observed in dry bone 
assemblages suggest that forms of treatment were practised to some degree and these 
were to some extent successful. Ortner and Putschar (1985) argue that this was largely 
down to common sense and they suggest that pain from movement would have naturally 
encouraged immobilisation to be practised. 
Several macroscopic and radiological changes may be examined to explore this in more 
detail including evidence for: angulation, apposition, overlap, distraction, and secondary 
pathology. Secondary pathology includes infection and inflammation (osteomyelitis and 
periostitis) and osteoarthritis. Clinical data provide a solid basis for assessing whether 
the deformity and angulation of a fracture is significantly marked (Grauer and Roberts, 
1996). 
These factors were systematically recorded in Robert's temporal study of long bone 
fractures in British collections (Roberts, 1988). A distinct lack of fracture management 
was observed in medieval samples compared to those of other periods. Fractures in this 
group showed greater angulation and deformation compared to those from other periods 
and were accompanied by higher rates of secondary infection (ibid. ). This represents the 
most detailed study of treatment in archaeological bone to date. 
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5.4 Aetiology of Trauma in Dry Bone 
Trauma can be accidental or intentional, and it can occur ante- peri- or post-mortem. On 
dry bone, modifications can also occur in the burial environment and these may mimic 
lesions. 
5.4.1 Accidental versus intentional trauma' 
Accidental trauma refers to injuries that are un-intentional, intentional trauma refers to 
injuries that are usually caused by an act of violence or aggression. Self-inflicted 
injuries are also a category and these have been described in some ethnographic 
contexts (e. g. Walker, 1989). However, in archaeological material this category is 
impossible to identify. Therefore, attention will focus on accidental and aggressive 
causes. 
Accidental versus intentional trauma are difficult to distinguish. Although the frequency 
of injuries and types of injury within one assemblage may provide overwhelming 
evidence for violence, it is argued that differentiating between violence and accident on 
an individual basis is often not possible (Wakely, 1996). An assessment of the location 
and patterning of lesions (in' particular upper, limb versus lower limb lesions) can 
however give some indications; studies of aggression in the living (e. g. - Breiting et al., 
1989, cited in Jurmain, 1999) and well-documented archaeological' populations (e. g.. 
Zimmerman,. 1997) provide useful criteria for assessing location and patterning.. These 
suggest that in aggressive circumstances the face is the most commonly afflicted region, 
in particular the nasal bone. 
Walker (1997) states that the face is a popular site for aggressive behaviour because 
`from a strategic standpoint the head and especially the face -are attractive targets 
because injuries can be very painful'. From a symbolic point of view consequent 
bruising and 'bleeding `.... serve as a highly visible symbol of the aggressor's social 
dominance' (Walker 1997: 9). Fractures which predominantly affect the post-cranial 
skeleton and are evenly distributed among men, women and children are argued to be 
accidental in origin by some (e. g. Lovejoy and Heiple, 1981). Others argue that due to 
occupational differences, patterns will in fact be different for males and females 
(Jurmain, 1999). 
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Jurmain (1999) argues that systematic comparisons of data collected from different 
populations (both modem and archaeological) are essential for interpreting accidental 
and violent causes. To this end he tabulates fracture patterning in different regions of 
the skeleton (head/neck, lower appendage, and upper appendage) for several controlled 
samples including: hospital emergency rooms, rodeo performers, torture victims, and 
archaeological populations (ibid.: 224-227). Some of these groups display similar 
patterns despite their diverse nature and Jurmain argues that this highlights the 
`underlying complexities' that are inherent in the aetiology of trauma (ibid. ). Similarly, 
Stirland's (1996) paper on trauma patterns in three different archaeological populations 
from England demonstrates how- similarity studies between different populations are 
essential if the analysis of activities is to be attempted. 
Perhaps the most reliable way of exploring accidental versus intentional. trauma is by 
adopting a sound clinical basis to research so that data are comparable with trends seen 
today. Clinical data have proved to be particularly favourable for understanding forearm 
fractures. For example, data indicate that most ulna shaft fractures tend to be caused by 
falls and as such should be classified as `Monteggia' fractures. Furthermore, Monteggia 
fractures tend to involve the radius and the ulna, while fractures that occur as the result 
of a blow (nightstick fractures) more commonly affect just one element (Jurmain, 
1999). Data also indicate that the precise location of forearm fractures and their 
association with activity is highly variable depending. on the population under study 
(e. g. Evans, 1949). 
The importance of describing the precise characteristics of fractures and using clinical 
contexts to interpret them is therefore imperative if they are going to be understood in 
archaeological bone. Yet, the tendency to ignore this is frequent in palaeopathology and 
this has been noted on several occasions (e. g. Judd and Roberts, 1999; Lovell, 1997, 
Jurmain, 1999; 2001). 
An example (and one that is widely cited) of this is the so-called `parry' fracture (Elliot 
Smith and Wood Jones, 1910) which is considered by most to refer a transverse fracture 
of the ulna shaft and is interpreted as the result of a blow to the forearm when it is raised 
to fend off, or parry an attack. Rather than capturing the type of fracture, this term 
implies the mechanism behind it and yet, as clinical texts indicate, such fractures are not 
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solely related to acts of aggression but can also be caused by a fall onto an out-stretched 
hand, the most common cause of ulna shaft fractures seen today (Jurmain, 1999). In fact 
clinically, the term parry is not given recognition (Crawford Adams, 1983). More 
recently, greater consideration is given to the multiple aetiology of ulna shaft fractures 
and for example, studies explore this by considering evidence for associated cranio- 
facial trauma (e. g. Smith, 1996). 
The parry fracture demonstrates the importance of avoiding terminology that carries 
behavioural implications. True parry fractures can be diagnosed archaeologically with 
reference to clinical data, but this cannot be done unless the lesion is carefully described 
detailing the bones involved, the type of fracture and the location. This is even more 
relevant -given the fact that although the conventional form of a parry fracture is a 
transverse line, they have also been presented clinically as a comminuition, by being 
open or closed, and sometimes involve the radius (Lovell, 1997). The Colles fracture 
(which affects the distal portion of the radial shaft) is also frequently interpreted by 
palaeopathologists as a lesion that results from aggression, but clinically this is not 
strictly true (Judd, pers. comm.; Rogers, 1992). 
5.4.2 Ante- peri- and post-mortem trauma 
Ante-mortem refers to lesions that occur before death and are usually straightforward to 
identify because evidence for healing is visible. Peri-mortem concerns lesions that occur 
around the time of death and usually show no signs of healing. This period may be 
defined as from three weeks before death (the maximum time period in which bone may 
not heal) until the time immediately following death when the organic matrix of the 
bone is retained and the bone is still relatively fresh (Buikstra and Ubelaker, 1994). 
Peri-mortem trauma can be difficult to distinguish from post-mortem lesions which 
occur immediately after death while the organic matrix is still retained. Since this period 
can vary enormously depending upon both intrinsic and extrinsic variables, this aspect 
of interpretation remains problematic. Post-mortem modifications to bone are described 
in a number of texts and include gnaw marks, weathering and root markings (Ostendorf 
Smith, 1997; Shipman, 1981). Cut marks made by trowels and shovels during 
excavation are also another potential source; there have been occasions where 
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modifications such as these have been mistaken for pathology, trauma, or anthropogenic 
modifications (e. g. see Cook, 1986). 
Techniques for identifying peri-mortem trauma rely on those developed in forensic 
science and these are presented in a number of sources (e. g. Buikstra and Ubelaker, 
1994; Knight, 1996) Most. of these concentrate on modifications to the skull (e. g. 
Berryman and Haun 1996) and can be used to distinguish modes of trauma (i. e. type of 
weapons used) and lethal from non-lethal injuries. 
Typical characteristics rest on the way bone that has lost its viscoelastic properties 
responds to fracturing compared to bone that has not (Lovell, 1997). Studies on the 
cranium have greatly contributed to current understanding of this (Gurdjian, 1975). 
More general features relate to the appearance of a suspected peri-mortem break in 
section. This will have a more organised structure compared to bone that has been in the 
ground which will have a crumbly appearance (Wakely, 1997). 
Staining on bone from water and surrounding vegetation may also indicate whether it 
has been exposed peri-mortem (Buikstra and Ubelaker, 1994). Other indicators of peri- 
mortem trauma include larger bone fragments and less squared fractured edges. Holes 
into the skull caused by peri-morterm trauma can be identified by the presence of 
bevelling on the endo-cranial surface and an absence of healing. Cut-marks that are 
concentrated in regions of muscle attachment suggest `intentionality' (Olsen and 
Shipman, 1988) and occur in butchery or similar contexts. Directionality of a cut, the 
overall distribution of fractures, and fractures that run with the grain of the bone as the 
result of exposure of the marrow cavity are other features that can be identified here 
(Buikstra and Ubelaker, 1994). 
5.4.3 Weapon related trauma 
There is a whole range of characteristic changes that occur in dry bone in response to 
weapons and-it is often possible to distinguish the type of weapon used (e. g., blunt, 
sharp edged or projectile). For example, linear cuts with associated striae, well-defined 
edges and polishing are found in edged weapon injuries (Wakely, 1997). Blunt weapon 
injuries can be identified as a range of fracture types that essentially cause denting, 
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cracking, grazing 6r splintering of bone. These can reflect the amount of force and the 
direction of the force. In fractures of significant force afflicted more than once (e. g. a 
comminuted fracture or a contracoup fracture), radiating fracture lines can be examined 
to determine their order. Weapon-related lesions are discussed in more detail in several 
texts (e. g. Boylston 2000; Knight, 1996; Hurlburt, 2000; Frayer and Martin, 1997; 
Novak, 2000; Wakely, 1996). 
5.5 Epidemiology and Palaeoepidemiology of Trauma in Dry bone 
5.5.1 Epidemiology of Trauma 
Epidemiological trends can provide useful socio-cultural contexts against which to 
interpret patterns of trauma in the past. These. show that fracture patterns are highly 
dependent on age and sex (Resnick et al., 1995). The stresses, that are imposed on the 
skeleton change with age, as does the ability of the skeleton to cope with them. 
Therefore, sites that are prone to fracture will vary throughout life. For example, 
fractures involving the epiphyses are common among adolescents because their 
undeveloped nature makes them more vulnerable, while in mature adults, epiphyses and, 
metaphyses are prone because of an age-related decrease in trabecular structure and 
generally of bone mineral density at these sites. Fracture mechanisms which determine 
the likelihood of fracture type and location also change with age (Rogers, 1992). 
Recreational and occupational activities undertaken by adolescents and young adults 
typically result in fractures involving the clavicle, the small bones of the hands and feet, 
and the tibia and humerus (Resnick et al., 1995). Mature adults are most likely to be 
affected by a fall and, therefore, bones such as the hip or distal radius are more 
commonly involved. In this latter group, bones that are affected by metabolic conditions 
such as osteoporosis tend to be involved more frequently in falls (Crawford-Adams, 
1983). 
Falls are one of the main causes of fracture in living populations and the resultant 
fracture patterns show distinct differences depending on age (Rogers, 1992: 29). Falls 
from a great height are more common among adults undertaking hazardous occupations 
and in children living in urban environments, while falls from a standing height are 
more common in the elderly (ibid. ). 
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Clinical data show that the tendency for men to fracture a bone is high in their second 
and third decades of life, decreasing by the age of 45 but increasing in mature adulthood 
(Rogers, 1992). The frequency of fractures in women is overall lower than that of males 
with a peak during the first two decades of life and from the age of 45 onwards (ibid. ). 
Fractures affecting the hand and foot phalanges are more common in males during 
childhood and adulthood, reflecting participation in sports and acts of aggression (ibid. ). 
Involvement of the tibia, clavicle and distal humerus is more frequent among children 
and young adults, particularly males, and this is linked to `their play and work habits' 
(ibid.: 31). Fractures affecting the proximal femur, pelvis, proximal humerus, distal 
radius, and thoracicolumbar spine are very common in old age among females, a time 
when osteoporosis becomes common in this group (Resnick et al., 1995). In particular, 
involvement of the distal radius in females is six times more frequent than in males 
(Rogers 1992: 32). 
In terms of violence related injury, young males are affected much more frequently than 
females (Hussain et al. 1994). Cranio-facial trauma is the most frequent form of insult 
seen today with the nose, zygoma and the mandible being the most commonly affected 
regions (ibid. ) 
Data from modem populations' also indicate how different environments affect fracture 
rates. Jönsson et al's (1992) comparison of fracture rates in Swedish urban and rural 
populations identified fewer fractures in the former group. The daily activities 
undertaken by the rural group were interpreted as being more hazardous than those 
performed by the urban group. 
5.5.2 Palaeoepidemiology of Trauma 
Palaeoepidemiological trends are at best disparate and difficult to synthesise. Missing 
data mean that the full extent of fracture prevalence in an archaeological sample is not 
realised (see Section 5.8.2 and below, this section). Data are also not entirely 
compatible with modem data because causative factors have changed and frequencies 
are reported by individual in modem groups, as opposed to by element in skeletal 
groups to account for determination of prevalence. 
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There is some indication that trends seen today are also true of past populations. For 
example, the influence that the environment has on trauma patterns is also reflected in 
archaeological populations; data collected from the population buried in the urban 
cemetery of St. Nicholas, Shambles, reflect a lower prevalence of trauma compared to 
rural assemblages (White, 1988). Similar findings are presented in Judd and Robert's 
(1999) study of a rural population from Raunds. 
The growing corpus of trauma data that has been- collected from various archaeological 
sites in the U. K. and America' gives us some indication of more general 
palaeoepidemiological trends. Overall, fracture prevalence is low in most assemblages 
compared to toddy and, with sample size taken into account, they are seen less 
frequently in the Old World compared with the New World (Jurmain, 1999). 
In Britain, data collected from six medieval burial sites (Grauer and Roberts, 1996) 
show the following trends: 1) fractures are more common among males than females, 2) 
they are infrequent in the long bones, and 3) the radius and the ulna are the most 
frequently involved long bones. Overall, most archaeological assemblages reflect the 
tendency for the clavicle, ribs, ulna and radius to be the most commonly affected. 
Cranial trauma is consistently seen in more males than females (Jurmain, 1999), and a 
study of over 6,000 individuals from archaeological sites in the U. K. (Roberts, 
1988; 1991), indicates that the cranium accounts for most fractures compared- to any 
other skeletal element. 
Breaks involving the pelvis, femur, hands, feet and scapulae are rare. In modem 
populations fractures involving the femur and tibia are very frequent and this is 
probably because these, and the pelvis are most frequently the result of road traffic 
accidents (Crawford Adams, 1983: 251). Roberts and Manchester (1995: 76) suggest that 
the low prevalence of fractures in the hands, feet and scapulae are due to the poor 
recovery rate of these bones from the burial environment: preservation is an important 
factor to consider when assessing the behavioural implications of fracture patterning. 
A general overview of British assemblages from different periods reveals some 
temporal trends. For example, data collected from Romano-British skeletons from 
Chichester suggest that forearm fractures were infrequent during this period while ribs 
were the most commonly involved element (Wells, 1982). By comparison, the overall 
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fracture prevalence in the 18th and 19th century material recovered form Spitalfields is 
low. Greater involvement of ribs is also seen here (Molleson and Cox 1993). Although 
interesting, the number of assemblages that have been studied from these periods, 
sample sizes, and inconsistency in the way fractures are recorded and interpreted, limit 
these trends. 
Distinct patterns of skeletal involvement associated with violence-related trauma are 
also reflected in these studies. Like modem populations, the cranium is commonly 
involved. However, regarding the precise areas of the cranium that are affected, there 
has been some conflicting information. Larsen (1997: 156) identifies a tendency for 
injury to avoid the face and dentition and instead afflict the vault. Conversely, Walker's 
study of cranio-facial trauma in samples from Siberia, Spain, the U. K. and the U. S., 
presents data that suggest the nasal bone is the most commonly affected area, followed 
by the frontal and the parietal bones (Walker 1997: 154). 
Fracture patterns affecting the cranio-facial region provide additional information about 
the context of violence; an attack by a right-handed person face-on is consistently 
reflected in lesions that affect the left side of the anterior regions of the skull (Jurmain, 
1999). On the other hand, lesions that affect the posterior and occur on the right give an 
overall `haphazard' (Larsen 1997: 157) impression and suggest they were received while 
running away from an attacker. This latter. pattern is seen more frequently in females 
(ibid. ). 
5.6 Studies of Trauma in Archaeological Populations 
A comprehensive review of trauma studies in archaeological bone is beyond the scope 
of this chapter. Larsen (1997) and more recently Jurmain (1999) present detailed 
discussions. 
Early studies of trauma tended to focus on case studies and it is only in' the last 20 years 
or so that interest in the impact that social, environmental and cultural factors have on 
trauma at a population level has developed. This approach explores the relationship 
between these factors and certain biological variables (e. g. age and sex) and compares 
them both spatially and temporally. 
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One of the earliest studies to attempt this was undertaken by Lovejoy and Heiple (1981) 
on long-bone fractures in Late Woodland hunter-gatherers from the Libben site in 
Northern Ohio. This was a unique study in many ways because, compared to previous 
work, it was thorough and set out to address issues surrounding methodology and 
interpretation. Frequency was explored by element and by individual, and only 
complete elements were included in calculations to avoid possible sampling bias. 
Lovejoy and Heiple adopted an innovative approach in this study by comparing 
summed `years of risk' with the number of fractures per `years of risk' to estimate ages 
at which fracture rates were high. Out of 2,383 bones, 72 were found to have sustained a 
fracture (3.0%), most were related to the arm and most were caused by accidents and 
not aggression. Individuals with the highest fracture rates were aged between 10 and 25 
and over 45 years. 
A range of controlled population based studies have since been conducted and these 
have addressed a number of different topics including violence versus accidental injury 
in relation to fracture patterning (Kilgore et al., 1997); patterning of fracture healing 
(Jurmain, 1991); trauma in relation to subsistence strategies (Cohen and Armelagos, 
1984); ritualised violence (e. g. Harman et al., 1981); trauma in an urban setting (e. g. 
Jiminez, 1994); the impact of immigration (e. g. Ubelaker, 1994); and child abuse (e. g. 
Walker et al., 1997). However, despite this diverse range, violence, both domestic and 
external warfare, has dominated the literature in recent years. These studies cover all 
periods, derive from a number of different contexts (such as battles, massacres and 
ritualised violence) and include interpersonal violence, weapon related trauma, be- 
heading, cannibalism, scalping, and dismemberment. Larsen (1997) reviews these in 
some detail. A rare example from Britain is the study of 37 skeletons from a mass grave 
in North Yorkshire and associated with the battle of Towton (A. D. 1461) that was 
fought during the Wars of the Roses. This study identified a high frequency of weapon 
afflictions that involved the skull suggesting that the head was the primary target 
(Novak, 2000: 100). 
There are distinctly few direct studies of trauma and status that have'been published. 
Lahren and Berryman (1984) explored the frequency, type and location of fractures in 
high. and low status prehistoric groups from Chucalissa, western Tennessee, but this is 
an exception; most research on this subject relates to wider population based 
investigations or more general studies of trauma. For example, evidence for increased 
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violence among later Prehistoric populations in the ` Santa Barbara Channel region of 
Southern California has been attributed to increasing social complexity (as suggested by 
an increase in high status burials) brought on by depleted resources due to 
environmental instability (Fischman, 1996). Powell's (1988) study of late prehistoric 
elite and non-elite individuals from the Moundville chiefdom in North America 
identified fewer traumatic lesions in the former group and fewer still among elite 
females. A low prevalence among elite males is opposite to trends identified in other 
groups from a similar context (ibid. ). Powell (1988) suggests that under-representation 
of elite males in her sample is the most likely explanation for this. However, for 
females, she suggests that `.... rank mediated freedom from participation in activities 
that threatened traumatic injury (such as subsistence labors) may have spared elite 
women from this particular risk. ' '(Powell, 1988: 145). 
Grauer and Robert's (1996: 542) study of fracture healing in the specimens from St. 
Helen-on-the-Walls combined macroscopic and radiological techniques and found that 
most specimens showed insignificant deformity and good alignment. They concluded 
that- reduction and immobility had been practised; fracture treatment had been 
administered despite the low socio-economic standing of this group. On the other hand, 
Knilsel et al's description of the treatment of a knee injury in an adult male from the St. 
Andrew's Gilbertine monastery in Fishergate York, shows that high ranking members 
of medieval society, namely monastic groups, had ' .... preferential access to medical 
specialists' (Kniisel et al., 1995: 369).. The individual's right knee showed changes that 
are thought to be characteristic of a twist-fracture with subsequent septic arthritis and 
altered bio-mechanical loading, and had been supported by two copper alloy plates. 
In the U. K., case studies and bone reports contain some useful data collected from 
several different strata of past societies (eg. monastic, rural, urban, battle victims), 
although in the absence of any synthesis, there is currently little that can be said about 
status and trauma from these sources. General trends suggest that trauma is 
characteristically low among high status monastic groups. Frequencies among urban 
monastic groups compared to rural monastic groups may be lower still, and this is 
suggested by the data collected from individuals excavated from the urban monastic 
burial ground of St James' Priory, Bristol (Loe, forthcoming). 
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High status does not necessarily mean that a low trauma rate is to be expected in all 
contexts. For example, a high frequency is seen in the battle-injured specimens of the 
late 12th and 16th century burial phases of the Gilbertine Priory in Fishergate, York. 
These individuals were all robust young males and their association with a high status 
establishment, and pathological and morphological indicators, suggest that they 
represent individuals of a high social standing (Stroud and Kemp, 1993). 
Study of trauma in dry bone has made a lot of advances since its early days but there are 
still many gaps. The tendency to focus on violence-related trauma has meant that many 
as pects, for example, child trauma and the relationship between socio-economic status 
and trauma, are under explored. Despite great interest in the subject, behavioural 
interpretations of trauma have also been largely neglected and analysis at a population 
level is still distinctly lacking. Until recently, it has been difficult to gain an overall 
impression of population trends; studies and reports have not presented data that can be 
used for comparison because prevalence is not calculated by element, and basic data are 
frequentlyomitted (Roberts, 2000b) 
For these reasons it may be said that the literature to date presents a limited view of 
trauma in the past and the full potential of studies of this nature are yet to be realised. 
5.7 Techniques for studying Trauma in Dry Bone 
Interpretations of trauma in dry bone have been compromised by a lack of standardised 
techniques. Systematic procedures are essential because interpretations are reliant on 
knowing the 'type of lesion (e. g. oblique fracture), when it occurred (peri- or post- 
mortem) its location, and identifying patterning of lesions within individuals and 
populations. Most importantly, the best way to understand palaeotrauma is by making 
comparisons with clinical studies and, therefore, data must be collected in a way that 
will enable this as far as possible. 
Several protocols have been described for this (Jurmain, 1999; Roberts, 1988; 2000b; 
Boylston, 2000). Some of the key principles include recording fracture prevalence by 
element and calculating this out of the number of complete elements that could be 
observed in the population under study. Location and aetiology are highly variable 
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within the same bone, particularly the forearm, and therefore it is essential that these are 
recorded precisely including detailed descriptions, measurements and diagrams. Careful 
recording of location can also help the assessment of fractures for vascular and neural 
consequences (Roberts, 1991). 
There are several key anthropological and orthopaedic texts that present guidelines for 
classifying fractures (e. g. Lovell, 1997; Crawford Adams, 1983; McRae, 1981). 
Orthopaedic systems are perhaps more useful because they make comparisons with 
clinical data more straightforward and represent procedures that have developed from a 
wider and longer experience and have been designed for easy data manipulation. Muller 
et al's (1990) system is widely used in medical practice. This system is employed in the 
present study (see Chapter Six). 
A variety of texts deal with the classification of weapon trauma (e. g. Buikstra and 
Ubelaker, 1994; Boylston, 2000; Novak, 2000). Essentially it can be categorised as 
injuries caused by sharp force, blunt force and those caused by projectiles. Various 
systems have given attention to a range of different details including assessing thesize 
of the weapon (Brothwell, 1981), the shape of cut marks (Wakely, 1997) and 
categorising lesions according to the force behind the fracture, such as compression, 
shearing and bending (Ortner and Putschar, 1985). Current knowledge of weapon- 
related injury mainly derives from studies of the skull and therefore comprehensive 
systems for recording post-cranial weapon injury are few. 
Other principles for recording trauma include, in cases of multiple element involvement, 
giving attention to detailing which bones are involved so that patterning can be assessed 
and compared with other material. This information also means that, especially in the 
case of multiple forearm fractures, clinical data can be used to help determine their 
aetiology. The correct identification of fracture type is essential since this will allow 
reference to be made to clinical texts when assessing healing, ' aetiology and 
complications. Jurmain (1999) recommends that greater attention should be given to 
identifying nasal fractures and un-united fractures which are under-represented in the 
archaeological literature and are thought to be overlooked (Jurmain, 1999: 230). Details 
relating to healing should also be recorded (see Section 5.2.2). 
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Fractures cannot be recorded accurately without radiological investigation; quite often 
the type of fracture is not obvious to the naked eye and an assessment of healing cannot 
be fully undertaken without being able to observe changes in the internal structure of the 
bone. Old, well-healed fractures may not even be visible in dry bone alone, but may be 
visible on a radiograph. This is a particularly problematic because, to obtain radiographs 
of every long bone in a given sample, can be very expensive and time consuming. 
Other techniques used to study trauma include microscopic analysis such as scanning 
electron microscopy, and histology. These have been useful for assessing peri-mortem 
modifications to bone and tackling the identification of fractures in relation to 
osteoporosis (Roberts and Wakely, 1992). Their use is beyond the scope of this study 
and will therefore not be discussed further. 
5.8 Limitations and Solutions in the Analysis of Trauma in Archaeological Bone 
5.8.1 Age distributions 
Unless a fracture shows evidence for early stages of healing (such as for example, 
primary callus or immediate new bone formation), it is impossible to say how close to 
the age of death that it occurred. Some workers present this information in their reports, 
yet this is not an accurate reflection of age related frequencies in the past. The 
inadequacy of archaeological material to reflect true age distributions means that 
analyses of population trends are somewhat limited. 
Fractures in child bones rarely present themselves in archaeological material yet in 
modern American populations trauma accounts for nearly half the total of child 'deaths 
(Rogers, 1992: 29) - although not entirely comparable with ancient groups, much 
information is being lost. This is largely because the high turnover rate of growing bone 
in children means that fractures heal faster and fully remodel during growth (Glencross 
and Stuart-Macadam, 2000). Further, fragile child bones can break more easily in the 
burial environment (Chamberlain, 2000). 
Attempts to address these issues have to rely on retrospective analyses. For example, 
well healed fractures with secondary osteoarthritic changes indicate fractures that were 
incurred some time before death (Wakely, 1996). Remodelling rather than arrested 
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growth, as evidenced by thinning and an absence of shortening, may indicate that the 
affected bones were fractured after growth had ceased (Wakely, 1996: 81). Bowed bones 
and shortened bones in both adults and children may also' indicate fractures that 
occurred in childhood (Roberts, 2000b), and historical accounts may also provide useful 
analogues (Roberts 2000b: 346). Certain bones are more commonly fractured among 
children than adults (e. g. the humerus) and therefore these bones can be targeted in the 
analysis of adult skeletons (Glencross and Stuart-Macadam, 2000). However, some 
fractures - especially of the distal humerus - associated with childhood can be difficult 
to identify using standard procedures. To this end, Glencross and Stuart-Macadam 
(2001) have applied modern radiological techniques in an attempt to rectify this. 
5.8.2 Restricted Evidence 
Profiles of fracture distributions in the past often do not reflect useful trends because 
they are compromised by fragmented, weathered and incomplete specimens. These are 
also biased by the relative ease of identification of some traumatic lesions compared to 
others. For example, blade injuries are easier to identify than blunt or projectile injuries 
and healed lesions are more easily recognised than peri-mortem lesions which show 
much more subtle modifications. 
The potential for clinical data to aid interpretation is greatly compromised if necessary 
elements are missing. For example, it is only useful to know that most fractures 
affecting both elements of forearm result from accidental falls if both are present for 
examination (see Section 5.4.1). A reliable interpretation of inter-personal violence also 
cannot be reached based on forearm fractures alone but *requires evidence for injuries 
elsewhere in the skeleton such as to the skull and cervical vertebrae. 
Skeletal evidence excludes soft tissue injury that inevitably accompanies most fractures. 
Therefore, the full implications of an injury can never be entirely understood because 
there is no way of knowing what damage was caused to nerves, muscles, and other soft 
tissues, and how this affected both the life of the individual and the treatment they 
received. There are many soft tissue injuries that will have affected the lives of past 
populations which will not be seen in dry bone and therefore the bony conditions 
discussed in this chapter present a very limited view of trauma in the past. 
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While there is a certain amount that can be implied about the treatment and state of 
healing of fractures (see Sections 5.2.2 and 5.2.3), this is also limited. The 
palaeopathologist only sees a snapshot of the many stages of the healing process and, 
therefore, assessing whether a fracture was severe and whether it had healed well or 
badly can only be an educated guess on the basis of fracture type and clinical contexts. 
For example, a healed fracture of the tibia with a high degree of angulation and a 
marked 'overlap may suggest poor treatment, or it may just mean that treatment was no 
worse, but the original nature of the fracture had been worse. A bone can be said to have 
healed well in the sense of little disability or pain, but still show angulation. 
Unfortunately, it is difficult to distinguish severity of lesion from treatment when 
analysing fracture healing in archaeological bone. The age at which a fracture occurs in 
the individual will also affect the rate and quality of the healing process and if it is not 
possible to determine the age at which an individual incurred a fracture, this cannot be 
factored into interpretations. It is only by making direct comparisons with clinical data 
that fracture healing and treatment in archaeological bone can be interpreted with some 
reliability. 
Fractures that are well healed and stress fractures may go un-detected or complicate the 
identification of fracture type. Although radiology can help it is not feasible to 
radiograph every long bone in most samples. Selecting a sub-sample and restricting this 
to the major long bones may give some indication of how much is being missed in 
normal examination'procedures. 
Radiological investigation also poses problems since the appearance can often be 
misleading, especially to, the untrained eye; vascular channels may be mistaken for 
fracture lines and deposits of soil in the medullar cavity can obscure fracture lines 
(Roberts, 1991). Flecks of soil can appear as dense areas and these can be mistaken for 
healed bone and areas of radio-lucency in the region of a fracture are sometimes 
difficult to differentiate from changes indicative of infection (ibid. ). 
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CHAPTER SIX 
MATERIALS AND METHODS 
This chapter outlines the samples and methods that were selected for this study, the 
selection criteria, and justifications for these. 
6.1 Background to the Examination of the Llandough Material 
6.1.1 General Procedures and Standard Osteological Examination of the 
Llandough Material 
Examination of the articulated skeletons commenced in October 1998 and was 
undertaken in the laboratory in the Rheumatology Unit, Bristol Royal Infirmary, over a 
period of three years. With the exception of the disarticulated remains, standard 
osteological examination of all the material (858 discrete skeletons) was initially 
undertaken. This was done so that the sample analysed in the present study could be 
selected, and a methodology for a more focused examination of selected health markers 
could be designed (Section 6.3). Standard examination such as this was necessary 
because, unlike most focused research, the collection had not been examined prior to 
this and therefore, the fundamental characteristics (final numbers of skeletons, 
preservation, anthropological, and palaeopathological traits) of the population that are 
the basis of any research design were unknown. 
Standard examination involved laying out each skeleton in correct anatomical position 
on the workbench and recording the condition and completeness of the remains and the 
elements that had survived. In addition to this age, sex and stature were assessed and 
metrical data were collected where appropriate. All measurements were recorded to the 
nearest 0. lmm and were taken with a sliding caliper and an osteometric board in 
accordance with standard practice (Bass, 1987; Buikstra and Ubelaker 1994). Methods 
employed to estimate biological age and sex and to calculate stature are described in 
Section 6.3. Where present, any pathology or bony abnormality was described and a 
probable diagnosis given. All of this information was collected in a format that was 
suitable for entering onto a computer database (Section 6.1.1.5) for further analysis, 
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following the recommendations of Rose et al. (1991). 
Separate recording forms were used to record adults and sub-adults (Appendix Three). 
The following methods were used to complete each form: 
6.1.1.1 Condition 
The condition of each skeleton was recorded as good, fair, or poor. A poor skeleton had 
under gone considerable post-mortem damage to cortical surfaces and had abraded joint 
ends. A good skeleton was well preserved showing only minor surface post mortem 
damage and with well preserved joint ends. A fair skeleton had cortical surfaces and 
bone ends that were moderately preserved. 
6.1.1.2 Completeness 
The completeness of each skeleton was estimated as a percentage and assigned to one of 




Completeness did not have any bearing on the condition of the skeleton. In other words, 
a skeleton could be in a good condition but be less than 30% complete. 
6.1.1.3 Inventory 
For the inventory, all bones were scored as being present (1), or absent (0). For adult 
long bones the presence or absence of the proximal, middle and distal portions were 
recorded. If less than two thirds of a joint surface were not present, it was entered as 
absent. Shafts were not counted if less than one quarter of the shaft was present. In the 
case of foetuses and perinates (see Section 6.3.4), the presence or absence of proximal 
and distal metaphyses and middle portions of diaphyses were recorded. The long bone 
elements of older. children were scored by recording the presence or absence of 
proximal and distal epiphyses and middle portions of diaphyses. 
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For scapulae, the glenoid, acromio-clavicular facet, the lateral border, and the body 
were each scored separately. Right and left orbits were also scored independently and, if 
only one third of the orbit survived, it was scored as absent. This level of detail was 
necessary to enable full pathological analysis. 
An outline drawing of the human skeleton was shaded to indicate precisely which parts 
of each bone had survived and lines were drawn through the diagram to indicate where 
breaks occurred. Cases where it was not possible to indicate the presence or absence of 
certain sites were scored separately. This includes sites of osteolytic lesions and 
enthesophytes (Sections 6.3.9.1 and 6.3.9.3). 
6.1.1.4 Recording metrical and age and sex data 
For metrical assessments and age and sex determination, all data were collected using 
the following conventions: trait present (M/? M/F/? F for sex, or an age range or 
measurement), no data (-), or bone present but trait absent or measurement or 
determination of age or sex not possible (0). 
6.1.1.5 Data entry 
All data were entered onto the computer using Microsoft Access `97. Data were entered 
into three primary tables inculding: 
1. Summary data (all basic demographic and palaeopathological data) 
2. Summary pathology (including disease categories with information on whether the 
condition was present, absent or there were no data) 
3. Inventory of skeletal elements 
For conditions (e. g. fractures, and infection) where more information besides presence 
or absence was required, further tables were designed. 
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6.2 Sample Selection 
6.2.1 The Llandough Material 
A total of 801 articulated skeletons were selected for the present study from the 
assemblage. Fifty-seven were not appropriate because, upon examination, they were 
found to represent co-mingled remains. No disarticulated material was selected for 
examination because this would require an entirely different examination strategy that is 
beyond the scope of this thesis. 
It was important that each skeleton presented enough information so that a range of 
indicators could be examined. Therefore, preservation and completeness were the 
primary selection criteria behind this choice of sample. More than a quarter (40.3%) of' 
the selected sample was between over 25% and 50% complete, and over a quarter of the 
sample was over 50% complete (Appendix Four). 
Most of the sample was in a good (35%) or fair (40%) condition (Appendix Four) and 
displayed robust or moderately robust bones with surfaces that showed little or 
moderate abrasion. Poor skeletons presented bones that had lost their integral structure 
and had abraded or exfoliated bone surfaces. These comprised'201 skeletons and, since 
these were relatively complete, it was decided that these skeletons should also be 
included in the study; more numbers would maximise the level of statistical analysis 
that could be carried out. 
Fragmentation was considerable across the entire assemblage. No skulls had survived in 
tact and of the 6,372 major long bones that were present (humerus, radius, ulna, femur, 
tibia and fibula) 373 (5.9%) were intact, 1,077 (16.9%) were complete but broken, and 
4,922 (77.2%) were incomplete with a quarter or more represented (Appendix Four). 
The prevalence of fragmented bones was similar for upper limb bones and lower limb 
bones (Appendix Four). Therefore, when selecting the methodology for investigating 
status in this sample, special consideration was given to this aspect of the sample's 
preservation. 
Out of 801 individuals, 218 were buried in area I (phase I), 83 in area II and 488 in area 
III (Phase II). Twelve skeletons are of unknown provenance and could not be assigned 
to either phase. 
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6.2.2 The Comparative Material 
The comparative samples selected for this study derive from four archaeological sites 
(Figure 6.1, Table 6.1). These were primarily chosen because they offer a broad 
comparative data set with which to explore the various themes of socio-economic status 
that are out-lined in Chapter One. In addition, they were selected because of their 
geographical location, their association with contrasting types of cemetery site, their 
accessibility, preservation, and sample size. Sample size was important so that statistical 
analysis could be carried out. 
Time did not permit the examination of complete samples in the case of two 
comparative sites. Therefore, a percentage of each sample was selected that yielded 
sample sizes as close to 100 skeletons as possible. This was considered a manageable 
size for the time allocated to this part of the study. In order to ensure samples were 
selected that resembled the mortality profiles of the original samples as closely as 
possible, this percentage was calculated for each age bracket. 
6.2.2.1 Atlantic Trading Estate, Barry 
It. was important that the Llandough specimens were compared to other Welsh 
assemblages. Unfortunately, there is an extremely limited number of skeletons that have 
been excavated and are currently available for analysis; the Atlantic Trading Estate 
skeletons represent about the only assemblage (see Appendix Two, Section Three). The 
cemetery associated with these burials is discussed in Appendix Two, Section Three. 
All of the skeletons were examined from this site with the exception of one which was 
missing (42 in total). 
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6.2.2.2 Cannington, Somerset 
The assemblage excavated from the cemetery in Cannington comprises 542 skeletons 
which date between late Roman and the 7th or 80' century AD (Rahtz et al., 2000: 31, 
132). 
Seventy-seven (25%) of the skeletons were examined. Cannington was selected for this 
study because it shares many similarities with Llandough. In particular: 
1. Cannington represents the largest early medieval period sample excavated from 
England. 
2. Cannington and Llandough are both rural cemeteries that share an interesting 
geographical relationship, situated on opposite sides of the Bristol Channel. 
3. It is possible that, like Llandough, there was continuous use of the burial ground 
from the Roman period through to the Medieval period. 
4. Like Llandough, Cannington is a type example of the sub Roman cemeteries 
classified by Rahtz with its associated hilltop settlement (Rahtz et al., 2000: 396-397; 
Appendix Two, Section 10.1). 
5. Imported Mediterranean `B' ware was also found at Cannington. 
6.2.2.3 Saint Andrew's, Fishergate, York 
Eighty-four skeletons (70%) were selected from an assemblage of 134 that were 
recovered from the period four (1 lth/12th century) pre/early monastic cemetery (Stroud 
and Kemp, 1993: 127,251-2). This sample probably comprises the local inhabitants of 
11th/12th century York who were buried in a cemetery associated with the church of 
Saint Andrew. Towards the end of the 12`x- century, this site was occupied by 'the 
Gilbertine Priory- of the same dedication (ibid. ). The sample was selected because it is 
contemporaneous with the later phase of burial at Llandough and represents a 
population that is associated with the prosperous districts of early. Medieval York 
(Haslam, 1985: 49). Saint Andrew's was the only Anglian population included in this 
study and, as such, broadened the early medieval context against which status at 
Llandough was evaluated. 
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6.2.2.4 Whithorn, Scotland 
Two burial groups that were recovered during excavation of the burial ground and 
i. associated Northumbrian burial chapel were selected for analysis from this site. These 
were 53 skeletons excavated from the period I graveyard (6th-8th century), and all 56 
sub-adults recovered from an area adjacent to the east wall of the burial chapel dating to 
period II (8th-9th centuries) (Cardy, 1998). Only five of the skeletons that were 
available for study were not examined (all from period I) owing to exceptionally poor 
preservation. The nature of the site remains unclear; an early monastic site, or a trader's 
settlement have been suggested. (Aston, 1993: 27; Hill, 1997). This sample was selected 
because it is similar in date and type to Llandough. 
Table 6.1 Summary of the samples examined in the present study 
Site Date Range No. skeletons 
Llandough 4th-12t" centuries 801 
Atlantic Trading Estate Largely 5u-6u' centuries - 42 
Cannington Late Roman -7 /8 
centuries 
77 
Saint Andrew's 11 /12 centuries 84 
Whithorn 6 '-9 centuries 109 
6.3 Methods 
6.3.1 Age and Sex Estimation 
A range of methods that relate to indicators widely distributed throughout the skeleton 
and which are based on a variety of reference populations were selected to estimate age 
and sex. This maximised the number of skeletons to which ages and sexes, could be 
assigned, and reduced the likelihood of the mortality profile mirroring that of the 
reference population (Bocquet-Appel and Masset, 1982; Van Gerven and Armelagos, 
1983). Where possible, standards that are based on European populations were 
employed to reduce possible bias introduced by differences arising between 
populations. 
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When selecting ageing and sexing methods, the following factors were taken into 
account: 
1. The reported accuracy of the techniques, 
2. The ease and speed with which they could be applied, 
3. The preservation and completeness of the material being examined, 
4. Whether techniques would be destructive, 
5. The availability of equipment, and 
6. How useful they would be in fulfilling the aims of this study. 
6.3.2 Sex Estimation 
The morphology of the pelvis and the skull and the transverse diameter of the femoral 
and humeral heads were selected to assess the sex of adult skeletons (Brothwell; 1981, 
Bass; 1987, Buikstra and Ubelaker; 1994, Ferembach, et al., 1980). Since it is assumed 
that the male skeleton is generally more robust than the female skeleton, the overall size 
of areas of muscle attachment and robusticity were also taken into account (Brothwell, 
1981). 
The range of male and female skull morphology and measurements of the femoral and 
humeral heads have the tendency to overlap and, therefore, the pelvis was considered 
the most important (see Section 2.6.2.1). Pelvic indices were not used in this study 
because most of the sample was too fragmented and incomplete, and the necessary 
measurements are time consuming and difficult to reproduce (Stewart, 1979). 
Skeletons for which sex could be determined with relative accuracy were recorded as 
definite male or definite female. These skeletons had most indicators present. In 
particular, the skull and pelvic features were well preserved. Skeletons that had 
ambiguous sexing traits or had few reliable sexing traits available, were recorded as 
possible male (? male), or possible female (? female. ) In order to increase numbers for 
analysis, these individuals have been counted as definite males and females. Individuals 
that had no sexing traits present were termed `unknown' (? ). Sex determination was not 
attempted for sub-adult skeletons; this cannot be estimated with an acceptable level of 
accuracy using current macroscopic techniques and sub-adults whose innominates had 
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fused were insufficiently preserved (see Section 2.6.2.1). 
6.3.3 Age Estimation 
Methods employed to assign age varied depending on the developmental stage of each 
individual. As outlined in Chapter Two, the problem underlying all techniques is that 
estimations are based on biological changes and their correlation with chronological age 
is not uniform among individuals from the same and different populations. In order to 
minimise the error that this introduces, age categories were employed, a range of 
indicators was used, and standards were selected that most closely approximated the 
population under study. 
6.3.4 Sub-adult Age Estimation 
Methods used to assign age to sub-adults are generally more accurate than those used to 
assign age to adults; they are based on developmental stages which are more 
biologically controlled than the degenerative changes observed in adult skeletons 
(Brothwell, 1981; Cox, 2000; Johnston and Zimmer, 1989). Three methods were 
primarily employed; development and eruption of teeth, diaphyseal lengths and 
epiphyseal union. 
6.3.4.1 Assessment of foetal age 
Differentiating between 10 lunar month old skeletons and neonatal (birth to the end of 
the first month) skeletons can be extremely difficult in archaeological material because 
of preservation and the variation in maturity rates.. One method involves identifying the 
neonatal line under the scanning electron microscope (Whittaker, 2000), but this is 
beyond the scope of most anthropological studies. 
Other methods relate to observing the development of the skeleton. -Studies of modern 
European populations have established timings for this, and it is reasonable to assume 
that these will not have altered greatly over time and will therefore be applicable to an 
early Medieval population (Scheuer and Black, 2000). In the present study, foetal age 
was estimated by employing the method devised by Scheuer et al. (1980) wherever 
possible. This method is based on the diaphyseal lengths of the major long bones. 
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Diaphyseal length measurements are considered to be particularly useful for 
determining the age of foetuses because they are believed to indicate age more 
accurately than those of postnatal infants (ibid. ). The methodology devised by Fazekas 
and Kösa (1978), based on a modem Hungarian population, was not selected for this 
study because it relates to a sample for which age at death was unknown and was 
estimated from stature. 
Other methods included dental calcification (Section 6.3.4.2) and examination of fusion, 
particularly in the basal region of the skull. In this study, standards for the development 
of the temporal ring, pars basilaris, and occipital bone, were used with reference to 
Scheuer and MacLaughlin-Black (1994) and Scheuer and Black (2000). 
6.3.4.2 Development and eruption of teeth 
Development and eruption of teeth was the preferred method for ageing sub-adults 
under the age of about 14 years. This method approximates chronological age much 
more closely than epiphyseal union and long bone length, ' which can be affected by the 
environment to an unpredictable degree (Hoppa, 1992: 276). 
All dentitions were aged using the chart devised by Ubelaker (1989a: 47) which gives 
the timing of dental formation and eruption for American Indians and U. S. whites 
between five months and 35 years with standard deviations. This chart takes little 
account of variation between the sexes (Hillson, 1986: 188), is based on a small sample 
(Whittaker, 2000) and its application can be difficult and erroneous (Scheuer and Black, 
2000). However, despite these drawbacks, when this standard was applied to the 
children from the Barton-on-Humber skeletal series, it yielded. results that were 
consistent with those determined using other dental ageing standards (Barber and 
Wiggins, pers. comm. ). 
Where possible, ages were determined from dental calcification rather than eruption. 
The latter can be affected by systemic factors, such as nutrition, and is therefore not as 
reliable (Scheuer and Black, 2000: 12). Calcification approximates chronological age 
much more closely than eruption. Further, timings of, eruption are based on the 
emergence of the tooth from the gum and not bone, and the order of eruption is known 
to have been different in prehistoric and medieval times compared to today (Ferembach 
152 
et al., 1980). 
The Moorrees, Fanning, and Hunt (1963 a, b) method of assigning age to sub-adult 
dentitions is widely accepted (Scheuer and Black, 2000) but was inappropriate for the 
present study because many children's teeth in the Llandough sample had been 
damaged post-mortem. Although it was still possible to assign ages to most dentitions, it 
was decided that, since inter-observer error for this standard is considered to be high 
(Scheuer and Black, 2000: 158) and it is time consuming to apply (despite the recent 
publication' of a simplified version (Smith, 1991)), the nature of the material and the 
time constraints of the study would exacerbate these. 
For an individual to be aged from their teeth, at least four different types had to be 
present. It is extremely difficult to distinguish between the age categories: 15 and 16-25 
using complete permanent incisors, canines and premolars, and, therefore, they were not 
used to estimate age. If observations were based solely on calcification, the canine and 
the third molar were not included because their development is considerably varied 
(Ferembach et al., 1980). 
Radiographs were taken of all dentitions where the tooth could not be removed for 
examination. In practice, this applied to only a few dentitions since many were broken 
and it was possible to see inside* the bones. Many developing tooth buds were also 
already loose. 
When dentitions did not fit exactly into one age category a range was given for the two 
categories that any one most closely resembled. If there was any doubt at all as to the 
age of a dentition, it was recorded as age unknown. 
In the case of foetuses, perinates and infants, age determination based on dental 
development was infrequently employed because the tooth buds, which are often lost 
during excavation, were missing. 
6.3.4.3 Ossification 
The appearance and formation of ossification centres in the cranial and post-cranial 
skeleton was assessed with reference to Scheuer and Black (2000). This reference 
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presents timings that are drawn from a wide range of sources and includes those taken 
from European samples. 
The small ossification centres of the very young are rarely preserved in archaeological 
material and, to an un-trained eye, are frequently over-looked during excavation 
(Scheuer and Black, 2000). In the present study, ossification of the symphysis menti, the 
temporal bone, the sphenoid wing with the body and the vertebral arch halves were 
useful for determining age in perinates/infants, and ossification of the skull base and 
fusion of the vertebral body with arches were useful for children over the age of 1 year. 
6.3.4.4 Epiphyseal union 
Epiphyseal union, which has its onset in adolescence from about the age of 12 years and 
proceeds through until early adulthood, provides a useful approximation of age. 
However, there is a tendency for this method to underage archaeological material since 
it is based on standards that are derived from relatively modern populations (Mays, 
1998). 
Standards of epiphyseal union have been taken from well-nourished populations and the 
assumption has to be made that the sample under study was also well-nourished. For 
this reason it was not possible to assign ages in categories of no less than five years. 
Provided they are based on a large sample of well-nourished children, there is little 
difference in the variation of stages of epiphyseal union from one table to another 
(Johnston and Zimmer, 1989) and, therefore, in order to increase the ' amount of 
reference data, three sources were consulted in this analysis. These were Gray (1993), 
Scheuer and Black (2000) and Ferembach et al. (1980). Since no attempt was made to 
sex sub-adults the given age ranges for both males and females were taken into account. 
Epiphyseal union was primarily employed to confirm ages assigned using other 
techniques. For individuals aged solely by this method, larger age categories were 
assigned. 
6.3.4.5 Diaphyseal lengths 
The lengths of complete diaphyses were measured and compared to the lengths given 
for aged samples. Where possible they were taken from long bones from the left side in 
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accordance with osteological convention (Buikstra and Ubelaker, 1994). If bones were 
broken they were reunited using masking tape for measurement, provided it was a clean 
break and the union was close. 
The data presented by Stloukal and Hanäkovä (1978, cited in Ferembach et al., 
1980: 532) and based on a Slavic population were applied to infants and children up to 
the age of 14 years. Ages assigned using diaphyseal lengths that have been derived from 
different populations of known age is considered to introduce error into these 
estimations (Ubelaker, 1989b) and, therefore, it was desirable to select a standard that is 
based on a population that most closely resembles the one under study. 
6.3.4.6 Sub-adult age categories 
All sub-adults were sorted into different age categories for analysis. Age estimation 
becomes less reliable and delineated the older children are and, therefore, the finest age 
categories were assigned to the very young only. The categories are as follows: 
Foetus = 0-9 months in utero 
Perinate =0 (around the time of birth) 
Infant = >0-<2 years 
Young child = >2-<6 years 
Late childhood = >6-<18 years 
Children for which no ageing criteria survived were categorised broadly as foetal, 
infant/child (0-<6 years), or late child (6-<18 years) based on the size of their bones. 
6.3.5 Adult Age Estimation 
Once growth is completed, the ' adult skeleton undergoes a series of degenerative 
changes that become less distinct with the advancement of age. This means that it is 
difficult to assign ages to adults, especially older adults, with a high level of accuracy. 
Techniques currently do not allow ages to be assigned beyond 45 or 65 years 
(depending on the technique used). Therefore, because of these problems, ages were 
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assigned in 10-year brackets with larger brackets for those aged over 45 years. 
Age estimations are more accurate if they are based on a summary of indicators 
(Saunders et al., 1992). Therefore, for this analysis all current macroscopic methods 
used to assign age were taken into account (Brothwell; 1981, Buikstra and Ubelaker; 
1994; Cox, 2000) with particular attention given to five different techniques: eruption of 
the third molar, the fusion of late epiphyses, attrition, changes on the symphyseal. face, 
and the metamorphosis of the auricular surface. 
6.3.5.1 Eruption of the third molar 
The stage of eruption of the third molar was used to age young adults. This was done 
with reference to Ubelaker's chart (Ubelaker, 1989a: 47) which indicates an eruption age 
of between about 18-25 years. However, congenital absence and the late eruption of the 
third molar is not uncommon and, therefore, absence could not be used to assign an age 
below 18-25 years. Although radiological analysis would have been an ideal way of 
addressing this problem, this was in-practical. 
6.3.5.2 Epiphyseal union 
The fusion of late epiphyses, such as the iliac crest and the medial clavicle, takes place 
in the early to mid twenties. The timings presented in Scheuer and Black (2000) were 
used in the present analysis. If a skeleton had epiphyses that, were all fused, the 
individual was determined to be older than 25 years. 
6.3.5.3 Attrition 
Observing the amount of wear on the occlusal surfaces of the molars and assigning this 
to an age category is a desirable technique for all archaeological samples, because teeth 
are very durable and survive well in archaeological contexts. The scheme devised by 
Brothwell (1981: 72) which correlates wear patterns on the molars with age ranges was 
used in this study. This standard was selected because it is based on data collected from 
British skeletal material that dates between the Neolithic and Medieval periods. It is 
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also a quick and easy method that yields consistent results, and correlates well with 
other indicators (ibid. ). However, this method is not based on any Welsh material and, 
because so few Welsh skeletal populations have been examined, it is not known what 
their expected attrition rates should be, and how closely they correspond with those 
presented by Brothwell. In this respect, the standard devised by Miles (1962; 1963) 
would be more accurate since it is population specific. However, the number of 
adolescents and young adults with dentitions in the Llandough sample was not large 
enough to establish the baseline of attrition rates that is required for this technique. 
Therefore, in order to address this issue all ages that were estimated from attrition were 
backed up by other methods and all wear patterns were illustrated on recording forms to 
allow seriation. 
Dentitions that presented incomplete occluding sets because of ante-mortem loss were 
not assigned to an age bracket using this method and, unless other skeletal age 
indicators had survived, were recorded as `adult'. This is because it is impossible to 
determine when ante-mortem loss has occurred in archaeological material and, 
therefore, the degree of exposure on surviving molars cannot be properly assessed. 
6.3.5.4 Pubic symphysis 
The pubic symphysis ageing method was selected for this study because it enables ages 
to be estimated up to 65+ years and is considered to be. a primary technique for 
estimating age (Jackes, 1992: 192). Ages were assigned by employing the standard 
devised by Brooks and Suchey (1990). This is because it is the most widely applied and 
accepted standard and, unlike other'standards (e. g. Gilbert and McKern, 1973; McKem 
and Stewart, 1957; Todd, 1920), it is not based on a small sample size, inaccurate 
known ages-at-death, and samples of limited ages and geographical origin. 
The pubic symphysis ageing technique is criticised because it is subjective and pubic 
symphyses have a poor recovery rate (Jackes, 1992; Saunders et al., 1992; Stewart, 
1979). Therefore; this method was used in conjunction with others and cases that were 
ambiguous were assigned to more than one of the stages described by Brooks and 
Suchey (1990). 
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6.3.5.5 Auricular surface 
Auricular surface ages were estimated using the charts devised by Lovejoy et al. (1985). 
These charts attempt to assign auricular surface morphology to one of eight modal age 
stages based on different features such as porosity and surface texture, each stage 
typically encompassing five years. This method was chosen because auricular surfaces 
tend to survive relatively well in archaeological samples and theýmethod allows ages to 
be assigned beyond 50 years. However, this standard is not regarded favourably among 
anthropologists; it is subject to inter-observer error, it does not distinguish females from 
males, the age, sex and parity status of the modern population that was used to establish 
the age categories were unknown, and the appearance of this diarthrodial joint can be 
significantly altered by pathology which, in some cases, can prevent the joint from 
being observed (as in the case of ankylosis) (Cox, 2000). Additionally, the five-year age 
categories employed by Lovejoy et al. do not account for the fact that the separate 
features of the auricular surface develop independently and vary considerably in their 
age of onset within a single auricular surface (Buckberry and Chamberlain, 2002). This 
problem has recently been addressed by Buckberry and Chamberlain (2002) who 
describe a revised method of Lovejoy et al's technique. They claim that this revised 
method is easier to employ, may be more reliable and can be applied independently of 
sex (ibid. ). 
For the present study, Buckberry and Chamberlain's revised method was not available 
at the time of data collection. However, in order to address the problems associated with 
auricular surface ageing, the following strategies were employed: 
1. Rather than attributing individuals to a single age range given by Lovejoy et al. 
(1985), they were assigned to two or more unless a good match was observed. 
2. Ages were not assigned using this technique if there were no others available. 
Instead, skeletons were determined as `adult'. 
6.3.5.6 Cranial suture closure 
Cranial suture closure, although once popular, is generally no longer used and is 
regarded as relatively inaccurate (Cox, 2000: 68). The ectocranial surface of the skull is 
considered to give a more accurate reflection of age than the endocranial surface 
(Meindl and Lovejoy, 1985). Although no attempt was made to use, this method on its 
own, ectocranial sutures were observed in conjunction with other indicators as another 
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way of confirming the age group to which skeletons were assigned. Sutures were 
recorded as open, closed, or obliterated to roughly correspond with young, middle or 
mature adult age categories respectively. 
6.3.5.7 Adult age categories 
Since eruption of the third molar and fusion of the last epiphyses occur at around 18 
years, this age was used as the cut-off point between sub-adults and adults. 
Adults were assigned to one of the following age brackets: 
Young Adult = 18-25 
Adult = >25-35 and >35-45 
Mature Adult => 45 and >65 
Adults assigned to the >45 age category means that they were at least 45 years old, but 
it was not possible from the indicators to determine how many years older they were. 
Adults assigned to >65 means that indicators had survived (the pubic symphysis and the 
auricular surface) that meant that it was possible to say they were at least 65 years, but a 
maximum age could not be estimated. `Adult' was used to refer to all skeletons that 
were over 18 years but did not have appropriate criteria surviving to be assigned to an 
adult age bracket. 
For the purposes of analysis, summary ages were derived by taking the middle of the 
range. Where appropriate, adult summary ages were and rounded off to the nearest 
decade. For example, individuals aged as 17-25 years were summarised as 20 years 
(instead of 21 years), and individuals aged as 33-45 were summarised as 40 years 
(instead of 39 years). 
6.3.6 Other Ageing Techniques 
Some ageing methods cited in the literature were not considered accurate enough or 
appropriate to employ in this study. For example, osteophytosis was, until recently, used 
to distinguish older individuals but this change not only occurs increasingly with age, 
but it also accompanies disease processes such as osteoarthritis. To study individuals 
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with osteoarthritis by their age prevalence would not be possible if osteophytosis had 
also been employed to estimate their age. 
Despite further work to refine the technique (Russell et al., 1993; Loth et al., 1994), age 
determination using sternal rib ends was not considered appropriate here. This method, 
which relies on the good preservation of ribs, is far from ideal for use on archaeological 
samples where the ribs are often in an incomplete and fragmentary state (Cox, 2000: 69). 
The complex method devised by Ascädi and Nemeskeri, (1970) has been popular 
(Jackes, 1992: 195-198). This method, which combines the results of several ageing 
methods to get a composite score, was not employed for this study; it is only useful if 
the skeletal sample is in a good un-fragmented condition and it tends to over-age the 
young and under-age the old (Molleson and Cox, 1993). 
Other more focused methods such as root dentine translucency (Whittaker' 2000: 90) 
were not employed in this study because these methods are time consuming and 
destructive. 
Sequencing all of the developmental and the age-related degenerative changes in the 
collection would have been ideal, and would have resulted in a more accurate 
assessment of age in the sample. With the exception of dental attrition (Section 6.3.5.3), 
this was beyond the time constraints of the present study and may have been undertaken 
had demography been the sole focus. 
6.3.7 Palaeodemographic Techniques 
In order to highlight socio-economic trends in the population palaeodemographic 
analysis involved exploring bias in the aged and sexed sample and life table analysis. 
6.3.7.1 Exploring Bias in the Aged and Sexed Sample 
As stated in Chapter Three, although it is not possible to accommodate bias in 
palaeodemographic analyses, it is essential to identify it since this will mean that more 
accurate interpretations can be made about the data. In the present study four, tests were 
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selected to explore the likelihood of bias in the samples. 
First, Mortality curves were examined to see whether they approximated the expected 
U-shaped curve (Waldron; 1994: 16). Curves were also examined for the expected 
characteristics of an unbiased population that are described in Section 2.7. Second, in 
order to control for bias that may be introduced into age and sex estimations as the 
result of observer variability, inter- and intra-observer error tests were carried out. 
Methods employed to do this are described in Appendix Five. Third, probability of. 
death was compared for perinates, 10 year-olds and 15 year-olds following the 
recommendation of Weiss (1973: 46-47), (see Section 2.7). It was not possible to 







These categories were successfully employed in a study by Margersion (1997: 155) to 
perform the same test. In each sample, sub-adults were assigned to these categories with 
particular reference to dental eruption ages for the younger age groups, and epiphyseal 
union for the older age groups. Any that did not have the appropriate criteria surviving 
to be assigned to these categories were excluded from this test. 
Fourth, samples were tested for infant under-representation using the method of 
Brothwell (1971: 115), and described in Section 2.7. 
6.3.7.2 Life Tables 
Life tables were constructed to compare the mortality experience of the samples by 
employing the methods described by Ascädi and Nemeskeri, (1970: 60-72), Boddington, 
(1987: 181-185) and Hassan (1981,103-5). For all tables the maximum age was set 
arbitrarily at 70 years. Contrary to previous concern (Boddington, 1987: 188), recent 
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work has demonstrated that this last category is not greatly detrimental to the overall 
results, despite the inability of current techniques to distinguish the old from the very 
old, and to determine the maximum age (Margerison, 1997: 244; Section 3.6.2.2). 
Therefore, no attempt has been made to construct artificial age categories beyond 45 or 
recalculate the statistics based on different maximum ages as studies have previously 
done. 
The three most important parameters of a life table were calculated, these being: 
survivorship, probability of death, and life expectancy. These were used to explore 
differences between the vital population statistics of three groups. These are: 
1. Differences between males and females, 
2. Differences between phase I phase II combined sex life tables, and 
3. Differences between combined sex life tables for Llandough, Atlantic Trading 
Estate, Cannington, Saint Andrew's and Whithorn. 
6.3.8 Palaeopathology: General Procedure 
All palaeopathological examination took place in the laboratory under a bright artificial 
light using a lOx hand held lens where necessary. Any pathology or bony abnormality 
was described using standard terminology (Ortner and Putschar, 1985; Aufderheide and 
Rodriguez-Martin, 1998). Where appropriate, differential diagnoses were assigned with 
reference to standard texts (Ortner and Putschar, 1985; Aufderheide and Rodrfguez- 
Martin, 1998; Resnick, 1995). To ensure consistency, all changes were identified, 
described and assigned differential diagnoses during initial data collection. Changes 
were then re-examined by category and scored and recorded according to the methods 
described below (Sections 6.3.8 to 6.3.10.1). 
Radiological investigation was carried out if the nature of a lesion needed clarifying and 
to identify any other changes associated with a lesion that could not be observed 
macroscopically. Specimens were radiographed in the Radiology department at the 
Bristol Royal Infirmary. Radiographs were taken in two standard views: medio/lateral 
and antero/posterior, and exposures (comprising kilovoltage, milliamperes and exposure 
time) were adjusted accordingly depending on the size and density of each bone 
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(Roberts, 1988). Regular consultations were held in the Rheumatology Unit with a 
palaeopathologist (the late Doctor Juliet Rogers) and a consultant radiologist (Doctor 
Iain Watt). 
Conditions selected for analysis were done so based on the literature reviews in the 
preceding chapters (Three to Five). In summary, the reasons for their selection were: 
1. Based on previous work they are the most prevalent conditions observed in 
archaeological material and, therefore, can be analysed at a statistical level. 
2. Preservation of the samples allowed their analysis. 
3. Previous work has demonstrated that they can contribute to socio-economic 
reconstruction in the past. 
4. They are relatively quick and easy to record. 
5. They are non-destructive. 
6. The conditions are popular ways of reconstructing the past. 
Conditions were classified into the three broad categories employed in this study 
(nutrition related conditions, activity related conditions and trauma), and protocols were 
employed to record the relevant features of these. Although not the focus of this study, 
other conditions were also noted in passing. 
The following Sections describe the protocols employed to record the conditions. 
Stature has also been included because it falls into the category of nutritional markers, 
although it is not strictly speaking a pathological condition. 
6.3.9 Nutrition related Conditions 
The skeletal changes in this category that were selected for detailed examination were: 
cribra orbitalia, porotic hyperostosis, DISH, infection, stature, and enamel hypoplasia. 
6.3.9.1 Cribra Orbitalia and Porotic Hyperostosis 
Cribra orbitalia and porotic hyperdstosis were scored following the scheme of Stuart- 
Macadam, (1991: 109). The final categories that were observed were: 
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1. Normal 
2. Capillary-like impressions on the bone 
3. Scattered fine foramina 
4. Large and small isolated foramina 
5. Foramina have linked into a trabecular structure. 
(Stuart-Macadam, 1991: 109) 
Only vaults and orbits (right and/or left sides) that were two, thirds present were scored. 
Because the association between cribra orbitalia and porotic hyperostosis is unclear (see 
Chapter Four), frequencies and prevalence were explored by analysing each condition 
separately, and by combining both conditions. 
Although orbital lesions were scored separately for left sides and right sides, 
preliminary analysis indicated that prevalence rates between sides were not significantly 
different (see Appendix 11, Table One) and, therefore, these were pooled for the final 
analysis. When porotic hyperostosis was present the location of the changes were 
recorded according to whether they affected the frontal, right parietal, left parietal, 
occipital, or a combination. 
The criteria described by Mensforth et al. (1978) for recording active and non-active 
orbital lesions were initially employed but were abandoned because, as a result of inter- 
and intra- observer error tests (Appendix Six), they were considered to be too 
subjective. 
6.3.9.2 DISH 
DISH was diagnosed by employing the methodology of Rogers and Waldron 
(1995; 2001); if at least three contiguous vertebrae were fused along the right hand side 
and were accompanied by ossification of extra spinal ligaments and/or entheses, or there 
was no ankylosis but hyperostosis was present in addition to the ossification described, 
DISH was scored as present. For this analysis, cervical, thoracic, and lumbar spines 
were treated separately. In order to maximise the sample size, a minimum number of 
four cervical, six thoracic, and three lumbar had to be present for any cervical thoracic 
or lumbar spine to be examined. These numbers were 'considered satisfactory for 
determining whether DISH had been present or not in each spine. Due to the 
considerable fragmentation of vertebrae in the sample, they did not have to be complete 




All bones that were detailed in the inventory (Section 6.1.1.3) and were between one 
and two thirds complete were examined for evidence of specific and non-specific 
infection. Since it is extremely difficult to distinguish growing lamellar bone from the 
woven bone that is characteristic of periostitis in individuals under the age of two years 
(see Section 3.7.5.2), this group was excluded from this examination. The skull and 
orbits are elements where inflammatory changes are less ambiguous and therefore these 
were included for this group. Ilia were also included because, in the Llandough sample, 
changes were observed at this site that were believed to represent periosteal new bone 
and not growing lamellar-bone. 
Where present, the location of inflammatory and/or infective lesions was described by 
referring to an anatomical landmark. For long bones, the portion of the bone. affected 
was described as proximal, middle, distal, or a combination, based on the definitions 
used to describe the location of fractures (Section 6.3.10.1). The aspect (medial/ lateral/ 
anterior/ posterior) of the bone that was affected was also described. 
6.3.9.3.1 Periostitis and osteomyelitis 
A recording system was devised based on Mensforth et al. (1978), Ortner and Putschar 
(1985) Ribot and Roberts (1996) and Lewis (2002) to capture the appearance, extent, 
and status of lesions, since differences in these may be linked to different aetiological 
factors. 
Lesions were classified into one of the following categories: 
1. Abnormal swelling with porosity (Figure 6.2) 
2. Increased porosity and striations (Figure 6.3) 
3. Layered new bone (Figure 6.4) 
4. Plaques of new bone (Figure 6.5) 
5. Combination of categories 1 to 4 
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Diagnosis of osteomyelitits was confirmed radiologically (for example, by the 
identification of sequestra, or other associated changes that cannot always be observed 
macroscopically). All categories refer to the type of lesion and their appearance only. 
6.3.9.3.2 Endocranial lesions 
Skulls that were at least one third complete were examined for endocranial lesions. 
When present, lesions were classified as: 
1. Layered new bone (Figure 6.7) 
2. Hair-on-end formation (Figure 6.8) 
3. Capillary-like impressions (Figure 6.9) 
4. A combination of types 1 to 3 
A grading system was employed to reflect the degree of expression of all lesions where: 
1. Slight = minimal expression (Figures 6.3 and 6.7) 
2. Moderate = well defined changes (Figures 6.2,6.5 and 6.8) 
3. Considerable = Gross'changes (Figures 6.4,6.6 and 6.9) 
These grades do not refer to the severity of the infection itself, but reflect the definition 
of the lesions. 
The status of all periosteal, osteomyelitic and endocranial lesions was described as 
fibrous (un-remodelled woven bone; e. g. Figure 6.4) or smooth (well remodelled bone; 
e. g. Figure 6.5). These terms were preferable to `healed' and `unhealed', or `active' and 
`not active' that are sometimes employed (see Section 3.3.5) 
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Figure 6.7 Endocranial lesion type: one 
Grade: slight (Skeleton 189,1-2 years old). 
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Layered new bone ein endocranial surface of a frontal bone fragment (circled). 
Figure 6.8 Endocranial lesions type: two 
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Hair-on-end appearance on endocranial surface of a frontal bone fragment (circled). Grade; 
moderate (Skeleton 852,4-8 years old) 
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Figure 6.9 Endocranial lesion type: three 
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Capillary-like impressions on endocranial surface of parietal bone fragment. 
Grade: considerable (Skeleton 233,15-21 years old). 
6.3.9.4 Stature 
Where possible, adult stature was calculated by taking the maximum length of any 
available complete long bone and applying it to the appropriate regression equation as 
set out by Trotter and Gleser (1952; 1958, cited in Brothwell, 1981: 101), and modified 
by Trotter (1970). These equations are a potential source of error because they were 
devised using measurements taken primarily from American servicemen killed in the 
Korean War and Second World War and augmented by a sample of civilians from the 
Terry Collection (US). Therefore, they reflect the statures of a modem well-nourished 
population and these may not be directly comparable with early medieval populations. 
However, this is currently the most common standard employed by anthropologists and 
was chosen so that comparisons with other samples that are not part of this study could 
be made in the, future. It is also argued that while there are differences in stature 
between modem and archaeological populations, it is unlikely that differences in limb 
bone length will be great (Waldron, 2001). 
In order to increase the accuracy of the estimations, only measurements of the lower 
limb bones were employed in these calculations (Waldron, 1998; Section 3.8). Since 
there are different equations for males and females, statures could not be calculated for 
individuals of unknown sex. All ' possible males and possible females were however 
included. 
Measurements were carried out following the same procedure described for measuring 
diaphyseal lengths (Section 6.3.4.5). Many of the long bones were broken and had to be 
rejoined; although fragmentation was considerable in the Llandough sample, a good 
union was achieved for most bones. This method was considered preferable to other 
techniques that have been devised for calculating stature from fragmentary long limb 
bones (e. g. Steele, 1970). 
Statures were examined by comparing distributions and ranges for males, females, 
phase I skeletons, phase II skeletons and skeletons with one, two, or three or more 
`stress' indicators. The `stress' indicators included non-specific infection and 
inflammation, enamel hypoplasia, cribra orbitalia and porotic hyperostosis. Statures 
were also compared between Llandough and all comparative samples. 
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6.3.9.5 Enamel Hypoplasia 
Data on hypoplastic defects were collected for deciduous and permanent dentitions that 
had at least one tooth present. To increase sample size, this included dentitions with just 
one tooth surviving, although this may have introduced some bias; it is not possible to 
determine how representative a single surviving tooth that shows no evidence for a 
defect is of an entire dentition. Therefore, analysis took into account the number of 
individuals examined with just one tooth. 
Defects were identified as linear furrows or pits on the enamel surface. These were 
identified by systematically examining all deciduous and permanent teeth under a bright 
artificial oblique light and running a dental probe over their surfaces as recommended 
by Hillson (1986). A lOx hand lens was also used to aid identification and, in order to 
control for over diagnosis, only those defects where the probe could be placed into the 
defect were counted. The classification system presented by Buikstra and Ubelaker 
(1994: 56) was employed to record the type of defects that were present. This system 
categorises the defects into the following groups: 
1. Linear horizontal furrows (Figures 6.10 and 6.11) 
2. Linear vertical furrows 
3. Linear horizontal pits (Figures 6.12 and 6.13) 
4. Non-linear array of pits 
5. Single pits 
(Buikstra and Ubelaker, 1994: 56) 
This system enabled the frequencies of the different types of defect to be examined so 
that a more accurate assessment of the condition could be carried out (Dobney and 
Goodman, 1991). In particular, differences in distribution patterns of linear defects and 
pitting (linear or non-linear) - the most common types - may indicate socio-economic 
differences (ibid.; Dummer et al. 1986). 
Diagrams taken from Buikstra and Ubelaker (1994, attachment 14a) were used to 
indicate where the defect occurred on each tooth (buccal and/or lingual) and crown level 
(cervical, intermediate, and/or superior). The location of defects was not measured and 
converted into ages. There are still many problems associated with current techniques 
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that. attempt this (Hillson and Bond, 1997) and, for the present study, applications were 
considered to be too time consuming and to involve more detail than is necessary. The 
identification of which tooth/teeth were most commonly involved and the location of 
defects were considered satisfactory. 
If there was considerable attrition and/or calculus on a tooth, it was excluded from 
analysis. Other specialists have controlled for attrition by calculating the average 
number of lines present in each age category and by measuring the degree of attrition in 
the sample (Hillson, 1986). This was not possible in the present sample- because 
numbers were too small and grading attrition was considered too time consuming. 
Bias may also arise if a defect has been caused by localised trauma or infection, and not 
as the result of non-specific hypoplasia (Goodman and Rose, 1990). Therefore, analysis 
took into account the number of skeletons that had bilateral involvement compared to 
the number that just had defects occurring on one side of the dentition only (ibid. ). 
Several methods have been employed to examine the frequency of defects in skeletal 
samples. Dobney and Goodman (1991) calculate `mouth' frequencies in their modern 
samples but, because some teeth are more susceptible than others, they also calculate 
frequencies for each tooth. Calculating frequencies for each tooth is desirable for a 
detailed analysis, but this was not considered necessary for the present study. Therefore, 
frequency was calculated out of the number of skeletons with one or more teeth 
surviving. The frequency of individuals with one linear furrow compared to individuals 
with more than one linear furrow, was also examined since more than one may indicate 
individuals that experienced greater levels of stress. These methods have been employed 
by other specialists who have used enamel hypoplasia to explore status (Palubeckaite et 
al., 2002; Robb et al., 2001). 
6.3.9.5.1 Severity of defects 
Defects were scored according to degree of definition, width and depth, since this may 
be associated with the severity of a stress episode (Goodman and Rose, 1990). 
Differences between scores for high status versus low status groups have also been 
reported in the literature (Palubeckaite et al., 2002). Defects were categorised into one 
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of three groups: 
0= no defect present 
1= Slight: Demarcated defects (Figures 6.11 and 6.13) 
2= Moderate: Distinct defects and/wide grooves (Figures 6.10 and 6.12) 
Dentitions that presented a combination of categories were assigned to the highest one 
present. No attempt was made to assign more scores to defects because differences 
between defect expression is very subtle, and to attempt to distinguish more categories 
is considered to be too difficult and subject to error at a macroscopic level (ibid. ). 
6.3.10 Activity Related Osseous Changes 
The conditions examined include: entheophytes, cortical defects, osteoarthritis and 
Schmorl's nodes. 
6.3.10.1 Enthesophytes 
Enthesophytes were identified by the presence of ossified bone at the site of ligament 
and tendon insertions. Six sites were scored for each skeleton treating right sides and 
left sides separately (Table 6.2). 
Table 6.2. Sites scored for enthesophyte. . 
Bone Anatomical Attachment Sites 
Landmark 
Ulna Olecranon Triceps brachii 
Innominate Iliac Crest Erector spinae, quadratus 
lumborum, transversus 
abdominis, external oblique. 
Innominate Ischial tuberosity Semimembranosus, 
semitendinosus and long head 
of biceps, adductor magnus, 
sacrotuberous ligament 
Femur Linea aspera Vastus lateralis, gluteus 
maximus, adductor magnus, 
adductor brevis, adductor 
longus, short head of biceps, 
vastus intermedius 
Patella Anterior surface quadriceps femoris insertion 
Calcaneum Posterior spur Achilles' tendon 
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Figure 6.10 Enamel hypoplasia - 
linear horizontal furrows. Grade: two. 
Figure 6.12 Enamel hypoplasia - 
pits. Grade: two 
Figure 6.11 Enamel hypoplasia - linear 
horizontal furrows. Grade: one 
Figure 6.13 Enamel hypoplasia - pits. 
Grade one. 
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Skeleton 66,45+ year-old (unsexed). Skeleton 242,33-45 year-old male. 
Skeleton 458,3-5 years old. Skeleton 458,3-5 years old. 
These sites are among those most commonly scored for enthesophyte (Resnick and 
Niwayama, 1983; Rogers et al., 1997) and were selected for their wide distribution 
around the skeleton, and because they are sites where undoubted evidence for new bone 
formation at the entheses can be observed. This optimised the number of sites that could 
be scored for incomplete skeletons. All adults with one or more of these extra-spinal 
sites surviving were examined. 
Each site was assigned a score based on the extent to which the enthesophyte projected 
beyond the margin of the bone (Rogers pers. comm. ). These were: 
Grade 0= Not present. 
Grade I= Slight. New bone is present which barely projects beyond the margin (Figure 
6.14) 
Grade II = Moderate. The bone clearly projects beyond the margin and is well defined 
(Figure 6.15) 
Grade III = Considerable. Gross new bone projects from the margin (Figure 6.16) 
6.3.10.2 Bone Formers 
The methodology of Rogers et al. (1997) was employed to determine whether or not a 
skeleton was a bone former. This involved, for each adult skeleton, calculating the 
overall score assigned to enthesophytes and dividing this by the number of sites that had 
survived for observation. This method accounts for missing data and allows for 
seriation. Thus, bone formers can be diagnosed relative to the amount of bone formation 
within a population. 
Diagnosis was carried out by plotting the distribution of the scores and identifying out- 
liers. Ambiguous cases were diagnosed based on evidence for other changes that are 
associated with this phenomenon (such as DISH, diffuse osteophytosis and calcified 
tissues). 
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Figure 6.14 Enthesophyte at the site of the linea aspera. Grade: I 
FiLlure 6.15 Enthesophyte at the site of the Achilles' tendon (arrowed). Grade: II 
Figure 6.16 Enthesophyte at the site of the triceps brachii. Grade: III 
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Skeleton 533, possible male adult. 
t.. I, l.: l +-' )LUI 1ý1LI I 11.1 l',. 
Skeleton 292,45+ year-old male 
6.3.10.3 Cortical Defects 
Cortical -defects were identified based on the descriptions of Hawkey and Merbs 
(1995: 324-338). The same procedure for selecting enthesophyte sites was employed to 
select cortical defect sites namely, they reflected a wide distribution around the 
skeleton, they are commonly reported in the literature, and defects at these sites are 
unambiguous (Table 6.3). It was also important that a range of sites was selected that 
represented major muscle groups that are used in habitual activities, such as those of the 
shoulder, arm hand, wrist, hip, knee and foot. 
Table 6.3. Sites examined for cortical defects. 
Bone Anatomical Landmark Attachment Site 
Clavicle Rhomboid fossa Costo-clavicular ligament 
Humerus Bicipital groove Pectoralis major 
Humerus Intertubercular groove Teres major 
Tibia Tibial tuberosity Patellar ligament 
Tibia Soleal Crest Soleus 
Defects were scored as present (1) or absent (0). No attempt was made to score the 
severity of the lesions because this is considered to be misleading (see Section 4.3.4). 
6.3.10.4 Osteoarthritis 
The scheme recommended by Rogers and Waldron (1995: 44) was employed to record 
osteoarthritis (OA). Based on this.. OA was diagnosed by the presence of ebumation, 
(polished bone), or at least two of the following changes on any joint surface: 
1. Bony contour change, 
2. Surface pitting 
3. Marginal osteophyte and/new bone on the joint surface. 
In cases where eburnation was not present, if there was any doubt about other changes, 
OA was not diagnosed. 
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All joints that were at least one third complete were observed. For this analysis, 'the 
shoulder was divided into the acromio-clavicular joint and the gleno-humeral joint. The 
wrist included the distal radioulnar joint and the ankle included the tibiofibular and/or 
tibiotalus and/or talocalcaneal joints. The hand and foot included all carpo-metacarpal 
joints and tarso-metatarsal joints respectively. No attempt was made to divide up the 
elbow, knee, and costo vertebral sites according to their different joints or compartments 
as has been done in more focused studies, (e. g. Shepstone, 1998). For this study both 
the knee and the elbow were counted as single entities. 
6.3.10.5 Schmorl's Nodes 
Adults that had either one or more cervical and/or thoracic and/or lumbar vertebrae, 
were examined for Schmorl's nodes. The fragmentation of the sample relative to the 
amount of time available for examination meant that it was not possible to score 
presence or absence for each vertebra separately. Further, precise vertebrae could not be 
identified in many cases owing to poor preservation. Therefore, the frequency of lesions 
was calculated by treating each spine as a separate unit (cervical, thoracic and lumbar). 
Thus, the frequency of cervical spines with one or more vertebrae showing evidence for 
Schmorl's was calculated out of the number of cervical spines with one or more 
vertebrae surviving. The same procedure was carried out for thoracic and lumbar spines. 
Schmorl's nodes were identified by the presence of irregular depressions on the superior 
and inferior surfaces of vertebral bodies (Resnick and Niwayama, 1978). When present 
the number, type (cervical/thoracic/lumbar) of vertebrae and surface (superior/inferior) 
affected was recorded. 
6.3.11 Trauma 
In this category, only ante- and peri-mortem fractures were analysed for the reasons 
outlined in Section 5.1. 
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6.3.11.1 Analysis of Fractures 
Any element that was at least one third complete was examined for a fracture. This was 
not ideal since the inclusion of incomplete elements can result in sample bias (Lovejoy 
and Heiple, 1981). The Llandough sample was so fragmented that to exclude 
incomplete elements would have severely compromised the results. 
All elements were scored as no fracture present (0), or fracture present (1). Fractures 
were identified macroscopically by identifying discontinuity in the alignment of any 
bone and, where present, were determined ante-mortem or peri-mortem according to the 
criteria described in Section 5.4. Analysis of all fractures was carried out to answer the 
following questions; 
1. What bones were involved? 
2. What patterns of multiple bone involvement were there? 
3. What types of fractures were there? ' 
4. Were the fractures healed or unhealed? 
All bones besides long bones that showed evidence for fracturing were described 
detailing the anatomical location of the break (with reference to anatomical landmarks), 
the type, whether it had healed, and whether there was any secondary pathology (e. g. 
osteoarthritis). The type of fracture was also described, and the associated force was 
assessed by employing the definitions presented in standard orthopaedic texts (McRae, 
1981; Crawford Adams, 1983). The protocol devised by Novak (2000) and the 
recommendations described by Boylston (2000) were employed to record fractures 
relating to weapon injury. Details of how healing was assessed are described below (this 
section). Bones were investigated radiologically, to confirm the identification of any 
fractures that were ambiguous macroscopically. This involved taking medio/lateral and 
antero/posterior views following the procedure described above (Section 6.3.7) . 
A separate recording sheet (Appendix Seven) was designed to record long bone 
fractures based on the methodology described by Roberts (1988; 2000). This was aimed 
at answering the following further questions: 
1. What is the ratio of fractures caused by direct forces and indirect forces? 
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Displacement was recorded as present if the ends of the bones had shifted relative to 
each other (McRae, 1981). Direction of the displacement was recorded as anterior, 
posterior, lateral, medial, or a combination by observing the movement of the distal 
fracture fragment (ibid. ). 
The degree of displacement was estimated by recording the amount of bony apposition 
(or bone in contact). This was assessed visually on a radiograph. Based on McRae 
(1981: 10), bones were classified as: 
A. No apposition. There was no communication between the ends. 
B. <50% apposed if less than half of the broken ends were in communication. 
C. 50% apposed if half of the ends were in communication. 
D. 75% apposed if two thirds of the ends were in communication. 
E. Perfectly apposed if the two ends were completely joined. 
Angulation and overlap were assessed by employing the methodology described by 
Grauer and Roberts (1996: 533-534). 
6. The state of healing was recorded. Radiologically this was recorded as opaque 
(healed), or translucent bone (unhealed), and macroscopically this was recorded as 
smooth bone (healed) or lamellar bone (unhealed). 
7. Any complications were recorded. This includes evidence for osteoarthritis on a 
related joint (diagnosed as per the criteria described in Section 6.3.9.4), secondary 
infection (periostitis or osteomyelitis), mal-union, non-union, shortening and 
avascular necrosis. Shortening was assessed by comparing the fractured bone with 
the contralateral bone or, if absent, a control specimen assumed to represent a 
`normal' bone. 
Quantitative analysis included: 
1. Measuring the maximum length in mm of complete fractured bones and comparing 
this with the maximum length of the contralateral bone to assess shortening. 
2. Measuring the degree of angular deformity on a radiograph. 
3. Measuring the amount of overlap of fractured ends in mm on a radiograph. 
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Based on these quantitative and qualitative analyses, the bones were judged to be 
successfully or unsuccessfully healed by comparing the data with the clinical model 
designed by Roberts (1988: 224), and published by Grauer and Roberts (1996: 535). The 
proportion of fractures associated with direct and indirect forces was assessed from the 
location and type of fracture and interpreted using modem clinical data (Crawford 
Adams 1983; Resnick, 1995; Rogers 1992). 
6.4 Examination of the Comparative Samples 
The same procedures described above were employed to collect data from all 
comparative samples. The purpose of examining comparative samples in this study was 
to provide a back-drop against which to `measure' the health status of the skeletons 
from Llandough and therefore, information detailing the characteristics of health 
markers in these samples was not required. For this reason, an abbreviated version of 
the recording form employed to record the Llandough skeletons was designed for data 
collection (Appendix Nine), and analysis primarily focused on the overall prevalence 
and frequency of conditions calculated from these data. 
The comparative site recording form included - sections to record condition, 
completeness and an inventory. This was because the level to which this information 
was available in the bone reports was considerably varied for each sample. Accurate 
information on the elements that were present, as well as condition and completeness, 
were important factors in this study. These determined the inclusion or exclusion of 
specimens in the study which, otherwise, may have resulted in under- or over- 
representation. The reported ages and sexes in each comparative sample are based on a 
variety of methods, some of which have not been employed in the present study. 
Therefore, in order to maintain consistency and. to control for observer bias, ages and 
sexes were also assessed by employing the methods described (Section 6.3). This was 
also the case for all other data collection relating to the anthropological and 
palaeopathological indicators that have been selected for analysis. 
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6.5 Statistical Analysis 
All biological and pathological variables were classified and entered onto a database 
(See Section 6.1.1.5). The prevalence of all indicators (e. g. nutrition, activity, or trauma 
related) was explored by calculating the number of individuals affected out of the 
number that could be observed, and frequency was explored by calculating the number 
of elements affected out of the total number of elements that could be observed. For 
each indicator three primary forms of data analysis were carried out: 
1. Age and sex distributions for the entire sample, 
2. Age and sex distributions for phase I and phase II, and 
3. Age and sex distributions for Llandough and all comparative sites. 
In order to maximise numbers for analysis all possible males and possible. females were 
counted as definite males and females. 
Statistical tests were selected based on previous work (e. g. -Boddington, 1987; Buikstra 
and, Mielke, 1985;. Judd and Roberts, 1999; McHugh, 1999; Mensforth et al., 1978; 
Powell, 1988; Littleton, 1998). Trends were analysed using the Chi square statistical test 
where each analysis tested the null hypothesis that there was no difference between 
trends (Shennan, 1997). Where appropriate, other statistical tests were employed to 
analyse relationships and distributions. For example, stature ranges were analysed by 
employing Student's two -tailed t-test for equal distribution to test the null hypothesis 
that there was no difference between ranges. Yule's Q coefficients were used to test the 
null hypothesis that there was no association between infection and cribra orbitalia 
(Sherman, 1997). This test measures negative or positive co-variation between two 
variables where -1.0= perfect negative association, +1.0= perfect positive association 
and 0.0= no association (ibid.: 117) 
The Kolmogorov-Smirnov statistic was employed to test differences between mortality 
profiles. This is based on the differences between two cumulative distributions that are 
measured on an ordinal scale (Shennan, 1997: 57) and it is popular among 
palaeodemographers (Buikstra and Konigsberg, 1985; Grauer, 1991). It tests the null 
hypothesis that two independent samples are drawn from the same population and any 
differences are the result of chance variation (ibid. ). 
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Hierarchical log-linear modelling was used to test the null hypopthesis of independence 
between nutrition related conditions, activity related osseous changes and biological sex 
in skeletons with infection, and independence between nutrition related conditions, 
activity related osseous changes and biological sex in skeletons with Schmorl's nodes. 
Hierarchical log linear analysis was chosen because it allows associations between 
nominal data set out in a three-way contingency table to be explored (Kinner and Gray, 
1999). For this analysis, the nutrition related conditions were: enamel hypoplasia, cribra 
orbitalia, and porotic hyperostosis. Activity related osseous change included: fractures, 
Schmorl's nodes, and cortical defects. Enthesial reactions and osteoarthritis were not 
included because of their tendency to be associated with age (see Sections 4.3.1 and 
4.4.3). 
A significance level of 5% (p<0.05) was used for all tests. If calculations were over 
0.05, they were considered significant and the null hypothesis was rejected. All 





This Chapter presents the results far palaeodemogräphy, skeletal indicators of 
nutritional status, activity related osseous changes and trauma. Tables detailing 
distributions, prevalence and frequencies 
Appendicies 10 and 11. 
7.1 Palaeodemography 
for each indicator are presented in 
7.1.1 Llandough Mortality Profile Description and Comparison with Samples 
The-numbers- of adult and sub-adult skeletons, and the number in each group that could 
be assigned to an age bracket described in Chapter 6 (Sections 6.3.4.6 and 6.3.5.7) are 
summarised in Table 7.1 for the entire sample, phase I, phase II, and un-phased. 
Of the adults, 332 (137 from phase I, 191 from phase II, and 4 of unknown provenance) 
can be assigned, a definite sex and 95 (17 From phase I, 77. from phase II, and one of' 
unknown provenance) are classified as possible male or possible female. 
For the entire sample, the mortality profile for sub-adults (Figure 7.1; Appendix 10) 
shows that over half (54%) of deaths are attributed to infancy and early childhood (birth 
to the end of the fifth year). Numbers of deaths peak in the 0-<2,4-<6 and 8-<10 year 
age categories. 
There are over four times as many sub-adults (81% of all of the phased sub-adults) in 
phase II compared to phase I (Figures 7.3 and 7.5; Appendix 10. ). The mortality profiles 
for these phases show that there are more older sub-adults in phase I and more younger 
sub-adults in phase II. 
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Adult mortality (Figure 7.2; Appendix 10) for the entire sample peaks in two age 
categories: >25-35 years and >35-45 years. If the 45+ and 60+ age categories are 
combined, deaths also peak here. 
Comparison between the female mortality curve and male mortality curve indicates 
some significant differences. Female deaths exceed male deaths in the younger age 
categories (KS0.05 = 0.14; X2 = 9.03, P=0.029, d. f3). In the 45+ age category there are 
more than twice as many male deaths as female deaths. Females show a higher 
mortality peak in the 60+ year age category compared to males, although this is 
marginal. Overall, the male mortality profile shows a tendency to fluctuate less than the 
female mortality profile, especially in the >25-35, >35-45 and 45+ age categories. 
There are three main differences between the adult mortality profiles for Phases I and II 
(Figures 7.4 and 7.6; Appendix 10): 
1. Deaths peak in the >25-35 year age category in both phases (29.4%, phase I and 
18.6%, phase II). In phase I this drops dramatically by the >35-45 year age category 
(16.1%), whereas in phase II it remains stable, rising only marginally (18.8%). By 
45+ phase I shows a slight rise (17.8%) while phase II shows a decrease by about a 
quarter (13.6%). 
2. Mortality is higher in the 60+ age category in phase II compared to phase I. 
3. Female deaths in phase II in the >25-35 age category exceed male deaths 
significantly, but in phase I this difference is not marked (KS0 05 = 0.12). 
Comparison between the Llandough mortality profile and mortality profiles of all 
comparative sites (Figure 7.7; Appendix 10) indicates that mortality peaks for 
Llandough are among the lowest up to the age of 25 years, and highest in the older age 
categories. Infant and early childhood mortality at Llandough shows greatest similarity 
to Saint Andrew's. Unlike Cannington and Whithorn, Llandough does not show a 
pronounced peak in perinatal deaths. Differences are also marked in the number of 
deaths in the 8-<10,10-<12, and 14-<16 year age categories between Llandough and 
Whithorn. Mortality for males peaks later at Llandough compared to the other samples 
(Figure 7.8), but for females all samples show a general peak in the >25-35 age 
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Overall, Kolmogorov Smirnov tests indicate that differences between the mortality 
experience at Llandough and Atlantic Trading Estate,. and Llandough and Saint 
Andrew's are not significantly different (Llandough and Atlantic Trading Estate: KSo. 05 
= 0.22; Llandough and Saint Andrew's: KSo. 05 = 0.16). However, differences between 
the mortality experience at Llandough and Cannington, and Llandough and Whithorn 
are significant (Llandough and Cannington: KS6.05 = 0.16; Llandough and Whithorn: 
KSo. os = 0.15). 
The main point of interest about the mortality profile for Llandough is that it suggests a 
lower mortality rate compared to all other samples with more individuals living into the 
older age categories. 
7.1.2 The Ratio of Sub-adults to Adults 
The ratio of sub-adults to adults is 0.4: 1 for the entire sample, 0.2: 1 for phase I and 
0.5: 1 for phase II (Table 7.2). These figures include 27 less precisely aged sub-adults 
(see Table 7.1) with the exception of one less precisely aged sub-adult that is unphased. 
When the ratio for the entire sample is compared with ratios for Atlantic trading Estate, 
Cannington, Saint Andrews and Whithorn, it is one of the lowest (see Sections 7.1.4.3 
and 7.1.4.4). 
7.1.3 The Ratio of Males to Females 
The ratio of males to females for the entire sample is 1.18: 1. This figure is not altered if 
possible males and possible females are excluded (1.20: 1). The ratio of males to 
females for phase I and II is 1.56: 1 and 1.05: 1 respectively. 
There is no distinct pattern in the spatial distribution of males and females within the 
cemetery (Figure 7.10), although there is a cluster of males nearest to the churchyard 
wall. Male to female ratios at Llandough are similar to all comparative samples except 
Cannington, which displays a larger number of females (Table 7.3). Llandough is 
within the range recorded for Romano-British assemblages (Waldron, 1994: 23). 
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Table 7.2. Sub-adult to adult ratio - Llandough and comparative sites. 
Site Sub-adults Adults Ratio S/A: A Total aged 




6 36 0.2 42** 
Cannington 31 46 0.7 77 
Saint 
Andrew's 
34 50 0.7 84 
Whithorn 52 53 1.0 105*** 
*= includes 150 unaged adults **= includes 2 unaged adults, ***= includes 11 unaged adults and 
excludes 4 unaged. 
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Table 7.3 Comparison of the ratio of males to females. 
Site Male Female Ratio M: F No. sexed 
adults 
Llandough* 233 194 1.2 427 
Atlantic 20 15 1.3 35 
Trading 
Estate* 
Cannington 20 26 0.8 46 
Saint 27 23 1.2 50 
Andrew's 
Whithorn 15 11 1.4 26 
? Males and ? Females included and un-aged males and temales included for sites marked with an *. 
7.1.4 Exploring Bias in the Aged and Sexed Sample 
7.1.4.1 Analysis of the mortality curves 
The mortality curves for all samples broadly correspond with the expected `U' shaped 
curve (Figures 7.1 to 7.6). The characteristics of each curve are analysed in Table 7.4 
(see Section 2.7). Only Cannington and Saint Andrew's match the patterns noted in 
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Table 7.4 Assessment of mortality patterns 
N<=1 N5 % deaths N 15-19 years/ 
year years before 15 years N 10-14 years* 
(n/N) 
Llandough 41 13 29% 4.2%/3.7% 
(180/623) (26/623; 23/623) 
Atlantic 0 0 13% 5%/7.5% 
Trading (5/40) (2/40; 3/40) 
Estate 
Cannington 11 0 36% 3.9%/2.5% 
(28/77) (3/77; 2/77) 
Saint 6 4 35% 7.1%/6.0% 
Andrew's (29/84) (6/84; 5/84) 
Whithorn 16 2 49% 6.4%/7.4% 
(46/94) (6/94; 7/94) 
N= number of aeatns; n/N=numner of maiviauais -, i: ) years/ ages sample. 
*N 15-19 years/N 10-14 years = number of individuals aged 15-19 years compared to number of 
individuals aged 10-14 years (see Section 3.7). 
7.1.4.2 Inter-and intra-observer error tests - age and sex estimation. 
Tests (Appendix 5) indicate that there was no significant error in age and sex estimation 
at both inter- and intra-observer levels. 
7.1.4.3 Probability of dying at birth, 10, and 15 years 
The sample sizes used to carry out this test were: Llandough 203, Atlantic Trading 
Estate 7, Cannington 29, Saint Andrew's 35, and Whithorn 49. The calculated 
probability of dying at birth, * 10 and 15 for each sample is shown in Table 7.5 and the 
expected distribution of these in a biased sample, according to Weiss, is summarised in 
Table 7.6 for comparison. 
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Table 7.5 Probability of dying at birth, 10 and 15 years. 
qo qio 915 
-Llandough 0.09 0.14 0.19 (0.038) 
Atlantic Trading Estate 0.00 0.02 0.02 (0.004) 
Cannington 0.07 0.02 0.02 (0.004) 
Saint Andrew's 0.02 0.04 0.05 (0.01) 
Whithorn 0.08 0.05 0.05 (0.01) 
Figures in parentheses have been divided by 5 to account for the size of the age bracket when compared 
to qa. 
Table 7.6 Expected distribution of probability of dying in a biased population according 
to Weiss (1973: 46-47). 
qo qio qis 
Less than qls Greater than qls qis less than qlo 
When adjusted for the size of the different age brackets, the probability of dying in the 
first year after birth is higher than at 15 years in all samples except for Atlantic Trading 
Estate. For Atlantic Trading Estate, little can be interpreted owing to the small sample 
size. All other samples reflect mixed patterns; qo is lower than qls for Llandough and 
Saint Andrew's but higher for Cannington and Whithorn, and for all of the samples qio 
is the same as or lower than qls. The difference between qto and qls is greatest for 
Llandough compared to all samples indicating that, according to. Weiss (1973: 46-47), 
Llandough is less likely to be biased compared to all other samples in this way. 
7.1.4.4 Infant under-representation 
In the entire Llandough sample, 31 skeletons were aged at under one year and 203 
skeletons were aged at less than 20 years. This gives a ratio of 0.15: 1 and therefore, 
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according to Brothwell (1971: 115), suggests that infants under one year are under- 
represented at Llandough. When the same calculation is performed on the sample when 
it is divided by phase, a ratio of 0.02: 1 for phase I (1= <1 year and 37=<20 years) and 
0.19: 1 for phase II (30=< 1 year and 162= <20 years) is given. Ratios for all 
comparative samples are tabulated below. They indicate that infants are under- 
represented in all samples. 
Table 7.7. Ratio of infants under one year to individuals under 20 years 
N <1 year N <20 years Ratio 
Atlantic Trading Estate 0 7 0: 1 
Cannington 10 29 0.34: 1 
Saint Andrew's 3 35 0.02: 1 
Whithorn 14 49 0.29: 1 
In order to explore the under-representation of infants at Llandough further, their burial 
distribution was plotted onto the site plan (Figure 7.11). This reflects a striking tendency 
for these burials to cluster in the central northern part of the cemetery. 
7.1.5 Description and Comparison of Life Tables 
Life tables were constructed using a total of 645 skeletons (excluding six foetuses); 191 
skeletons from phase I, and 444 skeletons from phase II (Figures 7.12 to 7.17; Appendix 
10). 
7.1.5.1 Males and females (Figures 7.12 to 7.14; Appendix 10) 
Females show a higher probability of dying compared to males. for all adult age 
categories. This difference is greatest between 25 years and 44.9 years. Life expectancy 
is higher for males at all ages. Depending on the age category, male expectation of life 
is between one and three years greater than females. The percentage of males and 
females surviving beyond between 15 and 24.99 years into the next age category is 
similar with only about a 3% difference. For the older age categories this difference 
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to the 35-44.99 age category compared to 67% for males, and about 24% of the 35- 
44.99 age category live on into the 45+ category compared to 34% for males. 
7.1.5.2 Phase I and phase II combined sex life tables (Figures 7.15 to 7.17; Appendix 
10) 
Probability of dying is considerably higher for infants in phase II compared to those in 
phase I, reflecting the under-enumeration of infants in phase I. Between the ages of 25 
and 34.99 years, figures for the probability of death show the greatest difference 
between the phases, being higher in phase I compared to phase II. By the next age 
bracket this difference is reversed. Life expectancy is lower in phase II in the two 
extreme age categories (0-4.99 and 45+), but higher between the ages of 15 and 34.99 
years. Survivorship is higher for all age categories in phase I compared to phase II with 
the greatest difference being in the 15-14.99 year age category and the least difference 
being in the 35-44.9 year age category. This trend reflects the higher number of sub- . 
adults in phase II compared to phase I. Figures for survivorship show the greatest 
differences out of all the life table parameters explored between the phases. 
7.1.5.3 Combined sex life tables for Llandough, Atlantic Trading Estate, Cannington, 
Saint Andrew's and Whithorn (Figures 7.18 to 7.20; Appendix 10) 
Compared to all sites, Llandough shows some of the lowest figures for probability of 
death and some of the highest for life expectancy and survivorship. 
J. 
7.1.5.4 Probability of death 
For most age categories, figures for probability of death in the Llandough population 
are -closest to those for Atlantic Trading Estate and Saint Andrew's. Noticeable trends 
are that Llandough has the lowest probability of death in the age category 15-24.99 
years, and probability of death starts to increase at a later age at Llandough. 
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7.1.5.5 Survivorship 
Llandough consistently has a higher percentage of individuals surviving from each age 
category to the next compared to all other sites. This is with the exception of Atlantic 
Trading Estate which shows yet higher figures but, because of sample size, little can be 
read into this. Excluding Atlantic Trading Estate, Llandough shows the greatest 
difference from all sites at 35-45.99. 
7.1.5.6 Life expectancy 
For all age categories, figures for expectation of life at Llandough are among the 
highest. In particular, in the 15-24.99 year age category the expectation of life (24.086 
years) is almost eight years greater than Whithorn which shows the lowest expectation 
of life at this age (16.250 years). 
For all parameters, figures for Llandough generally show the greatest similarity to 
Atlantic Trading Estate and Saint Andrew's, and the least similarity to Whithom. The 
overall small sample size of Atlantic Trading Estate and the under-enumeration of 
children has probably exaggerated' the distributions for this population. The under- 
enumeration of children at Llandough is also largely-reflected in these results. 
7.2 Skeletal Indicators of Nutritional Status 
This section presents data collected for cribra orbitalia, porotic hyperostosis, enamel 
hypoplasia, non-specific infection and stature. Data collected for diffuse idopathic 
skeletal hyperostosis are presented in Section 7.3.2 along with enthesopathies. 
7.2.1 Cribra Orbitalia 
Cribra orbitälia affected 138 skeletons out of a total of 385 (35.8%) and involved 203 
orbits out of a total of 569 orbits that were observed (35.7%). This includes three sub- 
adults that cannot be more precisely aged other than 0-<6 years (see Table 7.1). 
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7.2.1.1 Overall distribution (Figures 7.21 and 7.22) 
Cribra orbitalia affected more sub-adults (50.5%) than adults (31.0%) and more females 
(35.7%) than males (24.1%). The age categories with the highest prevalence were 12- 
<14 and 16-<18 years for sub-adults, and 18-25 years for adults. Smaller peaks in the 
age distribution were also noted for those aged 0-<2,6-<8,10-<12 and 60+ years. 
Females were affected more than males (35.7% compared to 24.1%) and this was 
significant (X2 = 4.09 P=0.0429, d. f. 1). The male prevalence was lower than the 
female prevalence in all age categories except at >25-35 and 45+ years where it was 
slightly higher. 
If the distribution is analysed by the number of orbits that were observed, sub-adult 
orbits were affected more frequently than adult orbits (55.9% compared to 29.9%) and 
this trend was significant (X2 = 29.15, P<0.0001, d. f 1). Female orbits were affected 
more than male orbits (37.1% compared to 21.5%) and this difference was also 
significant (X2 = 11.67 P=0.0006, d. f. 1). Orbits scoring two (22.5%) were the most 
frequent, and orbits scoring four, (0.4%) were the least frequent. Orbits scoring two and 
above were more frequent among sub-adults than adults. 
7.2.1.2 Distribution by phase (Table 7.8) 
Sub-adults from phase I had a higher frequency of cribra orbitalia than sub-adults from 
phase II, but this difference was not supported at a statistical level (Y = 1.01 P= 
0.3151, d. f. 1). The figures for adults from each phase were also not significant (X' = 
1.26, P=0.2615 d. f 1). 





Sub-adults 10/16 (62.5) 38/78 (48.7) 
Adults 31/113 (27.4) 59/175 (33.7) 
Males 14/63 (22.2) 21/81 (25.9) 
Females 12/39 (30.8) 28/72 (38.9) 
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7.2.1.3 Distributions compared with other samples (Table 7.9) 
The overall prevalence of cribra orbitalia at Llandough is the second lowest after 
Atlantic Trading Estate. There is a 16.1% difference between the prevalence at 
Llandough and the highest prevalence (Saint Andrew's). Llandough adults have the 
third lowest prevalence after Whithorn and Atlantic Trading Estate, and Llandough sub- 
adults have the lowest prevalence. 
With the exception of Atlantic Trading Estate, the frequency of orbits affected is also 
lower at Llandough than all comparative sites for sub-adults, adults and total samples. 
The greatest difference between total Llandough frequencies and total comparative site 
frequencies are reflected in figures for Whithorn and Cannington which both have a 
higher frequency of about 15%. This difference was not statistically significant for 
Whithom (Y = 2.84, p=0.0919, d. f 1) but it was significant for Cannington (X2 = 8.71, 
p0.0032, d. f 1). There was no statistical significance in the difference between 
Llandough frequencies and Atlantic Trading Estate frequencies (X2 = 2.49, p=0.1147, 
d. f 1), but Saint Andrew's frequencies were significantly higher than Llandough 
frequencies (X2= 4.28, p0.0386, d. f 1). 
7.2.1.4 Cribra orbitalia and infection (Figure 7.23) 
The relationship between cribra: orbitalia and infection was explored at a 'statistical level 
because of the reported association between the two conditions (see Section 3.5.1). The 
proportion of skeletons with infection (n=65/385) was lower than the proportion of 
skeletons with cribra orbitalia (n=134/385). Only 6.5% (n=25/385) of the skeletons 
were affected with both conditions. Statistical analysis indicated a near absence of co- 
variation between the conditions (Q = 0.09). Since cribra orbitalia is believed to reflect a 
childhood condition (see Section 3.5) it was possible that this result was biased by the 
adult sample. Therefore, the relationship was also explored in sub-adults only but this 
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7.2.2 Porotic Hyperostosis 
Out of 614 observable skulls 35 (5.7%) showed evidence for hyperplasia of the diploe. 
None of these skulls were complete and in all but seven the different parts of the skull 
were sufficiently preserved to observe the distribution of lesions. Lesions most 
commonly involved the occipital and/or parietals and all were observed on the 
ectocranial surface with the exception of one case (Skeleton 763, a 25-35 year-old 
male), who presented changes on all endocranial surfaces. 
7.2.2.1 Overall distribution (Figure 7.24) 
Porotic hyperostosis affected more sub-adults (7.3%) than adults (5.1 %). Lesions were 
over twice as frequent among males (6.4%) compared to females (3.0%), but this 
difference was not significant (Xý = 2.20, P=0.1384, d. f 1). 
Porotic hypersotosis was most frequent in the 2-<4,16-<18 year and perinatal age 
categories. Skeletons aged 0-<2 years were the only group with type three changes, and 
2-<4 year-olds had the most type two changes 
7.2.2.2 Distribution by phase 
Overall, frequencies in phase II (7.2%, n=30, N=419) were higher compared to phase I 
(2.1%, N=187, n=4) and the chi-squared statistic indicated that this difference was 
significant (X2 = 5.63, P=0.0177, d. f 1). There was little difference between 'the 
frequency of porotic hyperostosis among phase I sub-adults compared to phase II sub- 
adults. The figures were: phase I sub-adults 6.7% (N=30, n=2), and phase II sub-adults 
7.5% (N=146, n=11). Frequencies for adults were higher in phase II (7.0%, N=273, 
n=19) compared to phase I (1.3%, N=157, n=2). Figures were too small to test 
differences between frequencies for sub-adults and adults by phase. 
No females in phase I had porotic hyperostosis (N=55, n=0) and 4.6% of females with 
skulls had porotic hyperostosis in phase II (N=108, n=5). The frequency for males was 
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7.2.2.3 Distribution compared to other samples (Table 7.10). 
Compared to other samples, affected skulls were less frequent for the entire Llandough 
sample than all samples except Atlantic Trading Estate. This was mirrored in adult 
frequencies, but for sub-adults the frequency exceeded Whithorn and Cannington. 
Figures were too small to test their significance. 
7.2.2.4 Skeletons with cribra orbitalia and porotic hyperostosis. 
Five sub-adults and seven adults (two females, four males and one unsexed) had both 
orbit and vault lesions. Only two of these were from phase I (two sub-adults). 
7.2.2.5 Prevalence of skeletons with cribra orbitalia and/or porotic hyperostosis 
compared to other samples (Table 7.11). 
The prevalence of skeletons with orbit and/or vault lesions was similar to those 
calculated for all other samples for sub-adults, adults, and the total sample. 
Table 7.11 Prevalence of skeletons with cribra orbitalia and/or porotic hyperostosis - all 
samples. 
No. Sub-adults No. Adults Total Affected 
(%) (%) individuals. 
F`7 N % n N % n N % 
Llandough 56 69 81.2 105 227 46.3 161 296 54.4 
Atlantic 3 5 60 7 22 31.8 10 27 37.0 
Trading 
Estate 
Cannington 13 18 72.2 18 40 45.0 31 58 53.4 
Saint 15 16 93.8 10 33 30.3 25 49 51.0 
Andrew's 
Whithorn 8 9 88.9 4 9 44.4 12 18 77.8 
n=numoer or sxeietons wim ooservaote vauus anaor oroits wirn cribra orbitalia and/or porotic 
hyperostosis; N= number of skeletons with observable vaults and/or orbits. 
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7.2.3 Enamel Hypoplasia 
7.2.3.1 Prevalence (Figure 7.25) 
Out of 551 dentitions that had survived, 57 (10.3%) had defects affecting a total of 255 
permanent teeth. It was suggested in Chapter Six that bias may be introduced into 
calculations if skeletons that had only one tooth affected, and had no bilateral 
involvement, are included. In the Llandough sample, fifteen skeletons (2.7%) had one 
tooth affected, and five (0.9%) either did not have bilateral involvement or did not have 
teeth surviving to determine this. The distribution of these skeletons by age, sex and 
phase is given in Appendix 11, Tables 4 and 5. If these 20 skeletons are excluded, the 
frequency is 37 teeth affected out of 551 (6.7%). These 20 skeletons have been included 
in the following analysis and all comparative sites have been analysed including 
skeletons with one tooth affected only, and no bilateral involvement. 
The male prevalence (11.2%) was similar to the female prevalence. (10.5%) and 
therefore, with the exception of analyses of severity and type, sexes were pooled for 
subsequent analyses. Enamel hypoplasia was significantly more frequent in phase II 
compared to phase I (X2 = 14.17, P=0.0002, d. f. 1). 
7.2.3.2 Tooth distribution of defects 
Defects occurred' on anterior teeth more frequently than posterior teeth. They were 
observed on 22 central incisors, 32 lateral incisors, 92 canines, 37 first premolars, 18 
second premolars, 30 first molars, 21 second molars, and three third molars. The two 
most frequently affected, teeth were the canine and first premolar, and on these defects 
were present in the cervico-middle region. 
7.2.3.3 Types of defect (Figure 7.25) 
Defects appeared as linear horizontal furrows (47 dentitions), pits (eight dentitions) or 
linear horizontal furrows and pits (two dentitions). Dentitions with pits were presented 
in two ways: 1) as a non-linear array of pits (seven dentitions), and 2) as linear 
horizontal pits (three dentitions). Pits were more prevalent among sub-adults (29.4%) 











































Linear horizontal furrows accounted for all hypoplasias in phase I, and pits and linear 
horizontal furrows were only observed in skeletons from phase II (all of these were 
observed on females). 
7.2.3.4 Severity of defects (Figures 7.26) 
There were more skeletons with grade one defects (45 out of 551, or 8.2%) compared to 
those-with grade two defects (12 out of 551, or 2.2%). Males had marginally fewer 
grade one defects and slightly higher grade two defects than females. Grade two defects 
were more frequent in phase II than phase I. 
7.2.3.5 Enamel hypoplasia and age at death (Figures 7.27 to 7.29) 
Plotting the prevalence of enamel hypoplasia alongside age at death indicates that 
skeletons with a higher prevalence and more severe defects have a lower mean age at 
death. When examined by phase, individuals dying in the younger age categories had a 
higher prevalence of enamel hypoplasia in phase I,, but in phase II individuals with a 
higher prevalence tended to die at an older age. 
The proportion of skeletons dying with enamel hypoplasia is highest in the age 
categories 10-<12,12-<14 and 18-25 years. Skeletons below the age of two years and 
skeletons aged between 14 and <16 years did not show any defects. 
7.2.3.6 Distribution of skeletons with one linear horizontal furrow and skeletons with 
more than one linear horizontal furrow (Table 7.12). 
The maximum number of linear horizontal furrows that was observed on any one tooth 
was four. These were present on both mandibular canines of a 25-35 year-old male 
(Skeleton 552). This individual also had periostitis and porotic hyperostosis. 
230 
H > w Z. a 







ö 00 ö 

















0oOo0000000 O Qý 00 [ý ýD V'ý ct MN --i 
u 95 -0 -ri ý cis cý 
a tý c7 




















































































































































. -ý rr 




































10 00 N 
The distribution of skeletons with one, two, three, and four linear horizontal furrows 
indicates that more males had multiple lines than females, and more phase II skeletons 
had multiple lines than phase I skeletons. 
Table 7.12. Distribution of skeletons with one, two, three, and four linear horizontal 
furrows 
One Line Two Lines Three Lines Four Lines 
Males Phase I 2/6 2/6 2/6 0/6 
Phase II 5/13 4/13 3/13 1/13 
ATot, ) 7/1'9 ? h/1 q 5/19 1/19 '7 
3fi. 8°iu 31.6° 26: 3fo 5. 
% 
Females Phase I 1/2 1/2 0/2 0/2 
Phase II 5/11 3/11 3/11 0 
Total b6113' 4113 
3U. 8"'U 23.11 
. Unsexed Phase I 2/2 0/2 0/2 0/2 
Phase II 7/13 1/13 5/13 0/13 
--Total 9/t 5 1115 5/15 0/15 
60.0% 6'l%. k 
- p 
k, i 
Total 22/47 11/47 13/47 1/47 
46.8% 23.4% 27.7% 2.1% 
k, aicuiateu out 01141 sxeietons witn linear norizontai rurrows. 
7.2.3.7 Inter-site comparisons 
Compared to all other comparative samples, Llandough had the lowest frequency of 
enamel hypoplasia except for Whithorn (Table 7.13). However, there was no statistical 
significance in the differences between Llandough frequencies compared with each 
comparative site (Table 7.14). Figures were too small to test the significance of 
differences between Atlantic Trading Estate and Llandough. 
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Table 7.13. Freouencv of enamel hvDoplasia - Llandough and comparative samples 
Site -------- -- N n % 
Llandough 551 57 10.3 
Atlantic Trading 
Estate 
34 9 26.5 
Cannington 70 9 12.9 
Saint Andrew's 70 11 15.7 
Whithorn 79 5 6.3 
N=number of observable dentitions; n--number of observable dentitions with detects. 
Table 7.14. X2 tests 'comparing the differences between frequencies of enamel 
hvnonlasia - Llandough and comparative samples. 
Comparison Results 
Llandough and Cannington = 0.41, P=0.5206, d. f. 1 
Llandough and Saint Andrew's = 1.84, P=0.1754, d. f. 1 
Llandough and Whithorn = 1.26, P=0.2625, d. f. 1 
Individuals with grade two defects were greater in the Llandough sample compared to 
all other samples (Table 7.15). 
Table 7.15. Frequency of enamel hypoplasia - Llandough and comparative samples. 
Site No defect % G1 % G2 % 
Llandough 494/551 89.7 45/551 8.2 12/551 2.2 
Atlantic Trading 
Estate 
25/34 73.5 9/34 26.3 0/34 0.0 
Cannington 61/70 87.1 8/70 11.4 1/70 1.4 
Saint Andrew's 59/70 84.3 10/70 14.3 1/70 1.4 
Whithorn 74/79 93.7 5/79 6.3 0/79 0.0 
G 1= number of dentitions with grade one out of number with dentitions that could be observed, G2= 
number of dentitions with grade 2 out of number of dentitions that could be observed. 
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7.2.4 Infection 
No specific infection was diagnosed in the sample. That is, no skeletons presented 
changes that were entirely consistent with the changes thät are associated with specific 
infectious disease (Section 3.7.6). 
7.2.5 Non-specific Infection 
7.2.5.1 Frequency of affected elements (Figure 7.30) 
A total of 253 elements showed evidence for either osteomyelitis or periostitis out of 
43,746 elements that could be observed (0.6%). Cases where ectocranial lesions (scored 
as deposits of new bone and not increased porosity as in porotic hyperostosis) and 
endocranial lesions were present on the same individual, were counted as two cases 
(unless indicated; see Table 7.16). This was the case for Skeleton 68 only. 
In the entire sample, lower limb bones were the most frequently affected bones. In 
particular, the tibia showed the highest frequency (6.4%). No facial bones were 
observed that presented evidence for non-specific infection. Most lesions affecting sub- 
adults involved the orbits (2.9%; see Section 7.2.5.5) or the endocranium (2.1%), while 
in adults, there was greater involvement of the entire skeleton with the tibia (5.5%) and 
fibula (4.1%) being the most frequently affected bones. 
The number of elements that were involved with other areas of the skeleton (Table 
7.16) was high (41.7%; n=105, N=252) and a large proportion of lesions were 
symmetrical (45.7%; n=86, N=188; excluding skulls, mandibles, maxillae, ribs and 
vertebrae). However, 40 elements did not survive to say whether lesions were 
symmetrical or bilateral, and it was not possible to confirm whether ribs were bilateral 
or symmetrical because of fragmentation. 
7.2.5.2 Appearance, expression, and location of lesions 
Most lesions appeared as layered new bone (82 lesions) (Table 7.17), and most lesions 
were scored as slight or moderate (66 lesions and 61 lesions respectively). Porosity and 
striations were confined to lower limb bones, as was swelling (with the exception of one 
radius). 
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Figure 7.30 Distribution of elements with non-specific infection at 






























(Skeleton 68 has been counted twice here for endocranial and ectocranial lesions) 
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  total 
Q sub-adults 
  adults 
It 
% of elements observed 
p1234567 
Table 7.16. Distribution of single and multiple non-specific infective lesions 


















Skull 34* 22 12 
Orbits 18 7 11 10 1 7 0 1 7 
Maxilla 1. 1 0 
Mandible 1 1 0 
Scapula 1 0 1 0 0 1 0 0 1 
Clavicle 3 3 0 0 2 1 0 2 1 
Ribs 10 6 4 
Vertebrae 18 18 0 
Ilium 4 2 2 4 0 0 0 0 0 
Humerus 3 0 3 0 2 1 0 21 1 
Radius 4 0 4 0 2 2 0 2 2 
Ulna 5 0 5 0 2 3 0 2 3 
MCs 7 0 7 0 7 0 0 7 0 
Hand 
phals 
1 0 1 0 1 0 0 1 0 
Femur 21 9 12 10 6 5 0 6 5 
Tibia 64 44 20 32 16 14 2 16 14 
Fibula 41 24 17 18 14 3 6 14 3 
Tarsals 1 0 1 0 0 1 0 0 1 
MTs 14 10 4 12 0 2 0 0 2 
Foot phals 1 0 1 0 1 0 0 1 0 
Totals 252* 147 105 86 54 40 8 54 40 
N=number of elements with non-specific infection; single lesions= number that are single (right and left 
sides) of the same element are counted as single; multiple lesions= number of elements that accompany 
other elements (not including same element of the other side) with non-specific infection; symmetrical= 
number of elements that are symmetrical; bilateral= number of elements that are bilateral (this figure 
divided by 2 gives the number of individuals); p=present, np= not present, nd= no data; * skeleton 68 
counted once only here for endocranial and ectocranial lesions. 
Three skeletons (0.4% of all observable skeletons) were diagnosed with osteomyelitis 
(Skeletons 33,75 and 983), and this was confirmed by radiological investigation which 
indicated the presence of sequestra and/or cloaca. These involved three males, aged 25- 
35 (Skeletons 33 and 983), and 45+ (Skeleton 75). Two were from phase I (33 and 75) 
and one was from phase 11 (983). They were observed on the fibula of Skeleton 33, the 
clavicle of Skeleton 75 and the thoracic vertebrae of Skeleton 983. All lesions were 
non-fibrous and of moderate to considerable expression. 
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Table 7.17. Distribution of non-specific infective lesion tvnes and grades 









S M C S M C S M C S M C S M C 
Scapula 1/1 
Clavicle 2/3 1/3 
TV 1/2 1/2 
LV 1/2 1/2 
Humerus 2/3 1/3 
Radius 1/4 1/4 1/4 1/4 
Ulna 1/5 1/5 2/5 1/5 
Ilia 4/4 
Femur 1 1/21 1/21 1/21 1 /21 7/21 7/21 3/21 
Tibia 3/64 6/64 11/64 3/64 18/64 12/64 1/64 6/64 2/64 2/64 
Fibula 2/41 
- - 
5/41 12/41 8/41 2/41 1/41 3/4 
1 
5/41 3/41 
Totals TI 7 0 7 4 0 38 37 8 2 5 1 12 8 4 
S= slight, M=moderate, C=considerable (skulls and orbits are presented below). 
Most lesions were located on the middle and distal portions of the shafts (Table 7.18). 
The most diffuse lesions (i. e. those that involved all portions, or proximal and middle 
portions or middle and distal portions) were observed on the lower limb bones, 
especially the fibulae (n=20). Most of these represented more considerable expressions 
of inflammatory change (slight= 6 cases, moderate= 11 cases, and considerable= 3 
cases). 
Two elements, a left humerus and a left ulna, had periosteal new bone affecting the 
joints. Both elements were from Skeleton 98 and the changes were secondary to trauma 
involving the elbow joint (see Sections 7.2.5.19 and 7.5.2). These changes accompanied 
bony ankylosis which, although broken post-mortem, suggests that the bones were fused 
in flexion (Figure 7.31). Apart from these elements, all periostitis was restricted to the 
shafts of long bones or the non-articular areas of the spine and flat bones. 
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Clavicle 2/3 1 /3 2/3 
Humerus 3/3 1/3 
Radius 1/4 1/4 1/4 1/4 1/4 
Ulna 1/5 1/5 2/5 1/5 1/5 
Femur 1/21 2/21 3/21 7/21 6/21 2/21 9/21 
Tibia 9/64 16/64 13/64 5/64 13/64 8/64 27/64 
Fibula 2/41 14*/41 8/41 5/41 2* */41 10*/41 0/41 
Totals 17 34 24 22 24 20 16 
N complete long bone shafts= number or elements that were complete mctuaing arucuiar enas. T= i 
lesion is osteomyelitic; **= 2 lesions are osteomyelitic; Prox. =proximal. 
7.2.5.3 Prevalence (Figure 7.32) 
There was little difference in the prevalence between sub-adults (15.3%) and adults 
(15.1%). Lesions were most prevalent among individuals aged between 0 and <2 years 
(24.4%). The prevalence also peaked slightly at 8-<10 (20%), 14-<16 (22.2%), and 
>35-45 (22.6%) years. No infection was observed in individuals aged between 12 and 
<14 years. 
Although not counted, there were three cases where periosteal new bone was identified 
on sub-adults under the age of two years on elements other than skulls, orbits and ilia. 
These were: Skeleton 343, Skeleton 563, and Skeleton 1014. In each of these cases the 
changes were convincing and were confirmed radiologically. These cases suggest that 
the prevalence of infection among the under 2 year-olds was possibly higher than the 
prevalence reported here. 
Lesions were significantly more prevalent among males than females (X2 = 10.39, P= 
0.001, d. f. 1)" and this was most pronounced in the >35-45 and 45+ age categories. 
Lesions were also more prevalent among skeletons from phase II (15.9%, N=571, n=91) 
compared to phase 1 (13.8% N=218, n=30), but this was not significant (Y = 0.58, P= 
0.4483, d. f. 1). There were no significant differences in the distribution of lesions by sex 
and phase (phase I and II males: Xý = 0.02 P=0.8773, U. 1, phase I and II females: 
=0.12P=0.727, d. f. 1). 
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Figure 7.31 Skeleton 98. Trauma and secondary infection involving the left elbow 
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If the age distribution of individuals with lesions is superimposed over the mortality 
profile (Figure 7.33), the peak in deaths in the 0-<2 year age category mirrors the peak 
in the percentage of individuals with non-specific infection. Otherwise, there is little 
similarity between the two distributions. 
7.2.5.4 Status of lesions (Figures 7.34 to 7.36) 
All foetuses and 10-<12 year-olds had lesions that were fibrous at time of death. 
Skeletons at 0-<2,8-<10, and 60+ years had more fibrous, or fibrous and smooth 
lesions compared to just smooth lesions. 
The only fibrous lesions among females were observed in the 18-25 year age category. 
Males had fibrous lesions in all age categories except 45+ years. 
7.2.5.5 Inflammatory changes affecting the orbits 
Thirteen skeletons (12 sub-adults and one adult) had 18 orbits affected with periosteal 
new bone formation. Most of these (83%) were scored as slight and, in all but one case, 
(Skeleton 691, an 8-<10 year-old), the changes accompanied cribra orbitalia. In 
addition, two cases accompanied ectocranial lesions and include one 0-<2 year-old 
(Skeleton 304) and one 15-20 year-old (Skeleton 682). These skull lesions appeared as 
layered new bone and the changes were considerable. They were located on all aspects 
and on the frontal bone, along the frontal sinus in particular (Skeleton 304); and at the 
junction of the right supra orbital margin and the zygomatic bone (Skeleton 682). 
A further two cases accompanied endocranial lesions and include one 6-<8 year-old 
(Skeleton 852) and one 8-<10 year-old (Skeleton 691). These skull lesions were present 
on the frontal and parietals (Skeleton 852) and a fragment of either occipital or frontal 
bone (Skeleton 691). They appeared as a combination of types (Skeleton 852; Figure 
6.8) and as slight layered new bone (Skeleton 691). One skeleton, a 2-<4 year-old 
(Skeleton 68), had both endo- and ectocranial changes. The endocranial changes 
appeared as moderate layered new bone and the endocranial changes appeared as 
moderate capillary-like lesions. They were present on the frontal and occipital bones 
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Two skeletons with orbital lesions had inflammatory changes on other elements. These 
are Skeleton 468 (aged as 'infant/young child') and Skeleton 682 (a 16-<18 year-old) 
which also had cranial lesions (see Section 7.2.5.6). 
7.2.5.6 Endocranial lesions (Figures 7.37 and 7.38) 
Endocranial lesions were more frequent among sub-adults (5.1%) than adults (3.7%). 
Most lesions appeared as capillary-like impressions (41.4%), or layered new bone 
(41.4%). Adults tended to have more layered new bone lesions and sub-adults tended to 
have more capillary-like lesions. Hair-on-end lesions were only present in combination 
with other lesion types: a 6-8 year-old (Skeleton 652) and a >35-45 year-old (Skeleton 
80) also had capillary-like lesions. In the former, the changes were moderate and the 
latter, considerable. Most lesions were slight (58.6%) or moderate (31.0%) and most 
lesions occurred on the occipital (27.5%) or parietal (27.5%) (Appendix 11). However, 
not all skulls were complete and therefore this is only a rough indication of where 
lesions were distributed. 
Only one skeleton (Skeleton 68) of 2-<4 years had lesions on the endo-cranial surface 
as well as the ecto-cranium. No other pathological changes were observed on this 
specimen (see Section 7.2.4.23). 
7.2.5.7 Patterns of infection involving more than one element (Tables 7.19 to 7.21) 
Fifty-six (46.3%) skeletons had more than one element affected by non-specific 
infection. Most of these were in the age categories 6-<8,14-<16,18-25 and >35-45 
years. Numbers are highest for all individuals aged >35-45 years, for males at 18-25 
years and 60+ years, and for females >35-45 years. Overall, males were involved more 
than females. Most patterns involved lower limb bones and most upper limb 
involvement was observed in skeletons displaying the most diffuse lesions (Skeletons, 
682,284,537,233 and 74). Multiple lesions were generally more diffuse in adults, and 
of the sexes, affected more males. 
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Table 7.20. Distribution of patterns of skeletal involvement in males with multiple non- 
specific infective lesions. 
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18- 131 M X X X 
5 
18- 178 M X 1 1 
5 
18- 84 M X X X X X X X 
5 
18- 125 M X X 
5 
18- 86 M X X 
5 
25- 47 M X x x 
35 
25- 587 M X X X X 
35 
25- 119 M X X 
5 
>25- 83 M X 
35 
35- 848 M X X 
5 
35- 8 M X X X 
5 
>35- 155 M X X 
5 
35- 537 M X X X X X X X X X 
5 
35- 52 M X X X X 
5 
35- 79 M X X X X 
5 
5+ 16 M X X 
5+ 07 M X X 
5+ 19 M X X 
5+ 17 M X X 
5+ 934 M X X X 
0+ 27 M X X X X 
0+ 8 M + + X X 
du1 907 M 1 
_ 
X X 
En. -cranial = Endo-cranial; Ec. - cranial = Ecto-cranial. 
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Table 7.21. Distribution of patterns of skeletal involvement in females with multiple 
non-specific infective lesions. 
< ma vA W W pI 4 pý U E- ý-1 R 4 z r"Z ;4 4 ; 4 t1! º- z. p 4 p; 4 p 4 pi 4 F=, E. 
18- 746 F X X X X 
25 
25- 1003 F X X X 
35 
25- 16 F X X 
35 
35- 859 F I XI X 
5 
35- 605 F X X 
5 
>35- 43 F X X 
5 
35- 80, F X X 
5 
5+ 962 F X X 
5+ 147 F lx x 
60+ 80 F x x 
dul 48 F x x X 
Adult 74 F X X X X X X X X 
En: cranial = Endo-cranial; Ec. - cranial = Ecto-cranial. 
Most of the skeletons that displayed multiple lesions were fairly complete with only 
five being represented by less than 50%. Therefore, it is unlikely that preservation has 
biased these patterns (Appendix 11). Skeletons displaying patterns are more common in 
phase II (29 skeletons, or 31 including Skeletons 691,852, and 276) than phase 1 (14 
skeletons, or 15 including Skeleton 68). 
There appears to be no distinct age related trend in patterns although it may be said that 
femora were frequently involved in sub-adult skeletons, rib lesions were not present 
among sub-adults, and lesions involving just the tibiae and/or fibulae were more 
frequent in older age categories, (particularly females). Most patterns presented 
symmetrical lesions and unilateral lesions were more frequent among females (although 
two male skeletons had missing data). 
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With the exception of one skeleton, all sub-adults had lesions that were fibrous (i. e. 
woven or `un-healed' bone; see Chapter 3, Section 3.7.5.2) and smooth (i. e. lamellar or 
`healed' bone; see Chapter 3, Section 3.7.5.2) (Appendix 11). The number of males 
with fibrous and smooth lesions, and only smooth lesions were almost even. There was 
a tendency for fibrous or combination lesions to be more prevalent among young males 
compared to older males. Most lesions in females were smooth. Combination and 
smooth lesions were observed in older females. 
These trends suggest that the patterns seen in females reflect relatively minor 
conditions, or conditions that were not active at time of death. Patterns seen in males 
and sub-adults suggest more chronic, systemic conditions, or conditions that were active 
at time of death. 
7.2.5.8 Secondary infection 
A total of 17 skeletons had infections (eight from phase I and 9 from phase II) that 
could be identified as secondary to another condition. They involved 16 adults and one 
sub-adult and were present as periostitis (16) and osteomyelitis (one). The sub-adult, an 
8-<1 0 year-old (Skeleton 429, phase II), had slight fibrous bone on the alveolar margins 
of the left maxillary d and e. While these changes could be related to scurvy, no other 
periosteal changes were observed on this individual and, therefore, secondary 
inflammation caused by erupting teeth is the preferred diagnosis. Of the adults, one 
individual (Skeleton 20, phase I) had periosteal new bone that was associated with an 
abscess affecting the left mandibular first molar (periodontis). 
All other secondary infections in adults were the result of trauma (Table 7.53; Appendix 
11). They involved 15 skeletons of which six were unsexed, seven were male, and two 
were female. Four cases were associated with ligament trauma, 10 with fractures and 
one with a possible piercing injury. 
Nine cases displayed smooth new bone at death and five displayed fibrous or a 
combination of fibrous and smooth new bone at death. 
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7.2.5.9 Association between skeletons with infection and nutrition related conditions, 
activity related osseous changes, and biological sex 
The distribution of 48 males and 18 females with infection with and without nutrition 
related conditions and activity related conditions is tabulated below (Table 7.22). 
Table 7.22. distribution of skeletons with non-specific infection and presence/absence 
of nutrition related conditions and activity related conditions. 






Present 9 2 11 
related 
conditions 
Absent 30 7 37 
Total 39 9 48 
Female 
Nutrition 
Present 1 4 5 
related 
conditions 
Absent 6 7 13 
Total 7 11 18 
The distribution suggests that most males with infection have nutrition related 
conditions absent and activity related conditions present (62.5%), and most females 
with infection have nutrition related conditions and activity related conditions absent 
(38.9%). Hierarchical log-linear analysis of this distribution (see Appendix 12) indicates 
that there is an association between biological sex and activity related conditions in 
skeletons with infection, but nutrition related conditions are not related (likelihood ratio 
X2 = 1.28, p=0.735, d. f. 3). 
7.2.5.10 Frequency and prevalence of non-specilc infection compared to other samples 
Non-specific infection was more frequent in the Llandough sample than all other 
populations except for Whithom (Table 7.23). Chi-squared analysis indicates no 
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significant difference in the frequencies for Llandough and Atlantic Trading Estate (X2 
= 3.12, P=0.0771, d. f. l), and Llandough and Whithorn (X2 = 0.22, P=0.6358, d. f. 1). 
Differences are however significant between Llandough and Cannington (X2 = 13.85, P 
= 0.0002, d. f. l), and Llandough and Saint Andrew's (X2 = 5.07, P=0.0244, d. f. 1). The 
figures for Atlantic Trading Estate are not very representative of the sample because 
most specimens were very poorly preserved and in many cases the cortex of the bone 
did not survive. 
Table 7.23. Freauencv of neriostitis - LlandouQh and comnarative sites. 
Site Total number of 
observable 
elements 




Llandough 437,46 253 0.58 
Atlantic Trading 
Estate 
3,038 10 0.33 
Cannington 5,379 10 0.19 
Saint Andrew's 6,454 23 0.36 
Whithorn 1,805 12 0.66 
The prevalence of infection (Table 7.24) was not found to be significantly higher in the 
Llandough sample compared to Saint Andrew's (X2 = 0.64 P=0.422, d. f. 1). However, 
the prevalence was significantly higher for Llandough compared to Atlantic Trading 
Estate (Xý = 5.26; P=0.0218, d. f. 1), Cannington (X` = 3.087, P=0.0789, d. f. l), and 
Whithorn (X2 =3.29, P=0.0698, d. f. 1). Generally, prevalence differences between 
samples were most marked for sub-adults although figures were too small to test 
whether this was significant. This is with the exception of Whithorn sub-adults for 
whom the prevalence did not differ significantly from Llandough sub-adults (X2 = 0.11 
P=0.74, d. f. 1). Figures for males and females showed the greatest difference for both 
Saint Andrew's and Llandough. With the exception of figures for Llandough males and 
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7.2.5.11 Non-specific Infection in the Liandough Sample: Differential Diagnoses 
The differential diagnoses for these changes are considered in the present sample with 
the aim of assessing: 
1) What proportion of the periosteal changes might be attributable to infection, and 
2) What infections were and were not present in the population. 
Differential diagnoses are considered under the headings of focal conditions, systemic 
conditions, and endocranial lesions. 
7.2.5.12 Focal Conditions 
This includes solitary conditions such as mild trauma, leg ulcers and varicose veins. The 
distribution of periosteal new bone in the Llandough sample indicates that conditions 
such as these were a likely cause. Many lesions appeared as slight or moderate new 
bone and were solitary. They were observed most frequently on the tibiae and fibulae 
and the most common location on the diaphysis was on the middle and distal portions. 
The ages most commonly affected were >25-35 years and 45+ years and most lesions 
were fibrous in the 60+ year age category. 
7.2.5.13 Systemic Conditions 
The, involvement of multiple elements, symmetrical or bilateral involvement, diffuse 
periosteal new bone on diaphyseal shafts and considerable new bone suggestive of long 
standing bone turnover, are indicative of systemic conditions. There are numerous 
conditions that are included under this heading. It is not possible to discuss all of these 
but a range is considered here including leprosy, Paget's disease, neoplasms, 
osteomyelitis, tuberculosis, septic arthritis, treponemal disease, brucellocis, pulmonary 
osteoarthropathy, and scurvy (Ortner and Putschar, 1985; Resnick 1995; Aufderheide 
and Rodriguez-Martin, 1998). 
259 
7.2.5.14 Leprosy 
Although periostitis can involve the'diaphyses of the tibiae and fibulae in leprosy, there 
was no evidence for absorption and atrophy in hand and foot bones and no diagnostic 
facial lesions were identified. Although skulls were among the most fragmented parts in 
the sample, it is thought to be unlikely- that any facial lesions went unnoticed. 
Preservation was generally good and the system that was employed to record each 
specimen meant that facial bones were not overlooked. Therefore, leprosy can be 
largely ruled out. 
7.2.5.15 Paget's Disease 
This is a chronic disease that affects bone turnover. Osteoclastic activity increases and, 
to compensate for this, there is also an increase in new bone formation. This rapid bone 
turn-over is manifested as poorly organised woven and lamellar bone and consequently 
enlarged distorted bones, (Aufderheide and Rodriguez-Martin, 1998). It typically affects 
males over 50 years of age. In the Liandough sample there were a few examples of 
longstanding periosteal reaction (classified as `plaque like'; see Table 7.17) and 
although these involved males aged at 45+ years, it is unlikely that the lesions were 
caused by Paget's disease. This is for the following reasons: 
1. No bowing or distortion was evident. 
2. The radiological appearance did not show any features (such as a mosaic pattern) 
that were pathognomonic of Paget's. 
. 
3. None of the other elements that are commonly involved in this disease (such as the 
pelvis) showed any changes in the present specimens. 
4. The present specimens tended to have raised deposits of new bone that had well- 
defined margins. 
It is possible that the fibrous new bone observed in the 60+ year age category represents 
early stages of Paget's disease, although no other changes were observed in these 
skeletons that would confirm this. 
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7.2.5.16 Neoplasms 
Neoplasms are unlikely because the new bone formation in the Llandough sample was 
on a much smaller scale than is usually seen as a result of uncontrolled growth in 
neoplastic disease. Tumours, such as osteosarcoma and Ewing's sarcoma, are possible 
in cases involving sub-adults and young adults because they can be accompanied by 
areas of reactive new bone. However, none of the examples in the Llandough sample 
had features such as `onion peel' or `Codman's triangle' (Ortner and Putschar, 1985) 
that characterise these conditions. Further, most neoplastic disease tends to produce a 
combination of proliferative and resorptive lesions, whereas the specimens in the 
Llandough sample showed proliferative and/or periosteal lesions only. 
There are four skeletons which are exceptional. The lytic defects on Skeletons 28 and 
516 (see Section 7.2.5.18) could be associated with a tumour. Skeleton 80, a female 
aged 33-45, had periosteal new bone on the left femur around the lesser trochanter. 
There was no involvement of the right femur, but capillary-like impressions were 
observed on the endocranial surface of the frontal bone. The radiological appearance of 
the femur showed a high bone turn-over suggesting a differential diagnosis of 
lymophoma, leukaemia, or hyperparathyroidism. Lastly, Skeleton 470, a sub-adult of 
between 15 and 36 months, presented periosteal new bone on both ilia (see Section 
7.2.5.18). Although chronic low-grade infection is the preferred diagnosis, the changes 
could relate to a malignancy although this is uncommon in a child of this age. 
7.2.5.17 Osteomyelitis 
It is possible that some of the periosteal new bone in the sample was due to non-specific 
osteomyelitic infection. However, none of the specimens presented sequestra and 
involucrum was not present around any of the bones. Periostitis was also largely absent 
in metaphyseal regions. Even the specimens that were described as osteomyelitic could 
not be diagnosed as evidence for osteomyelitis except for two because evidence for 
marrow involvement was absent. 
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7.2.5.18 Tuberculosis 
There was little compelling evidence for tuberculosis (TB) in the sample although this 
cannot be ruled out. None of the weight-bearing joints, one of the main sites to be 
affected (Resnick and Niwayama, 1995a), were involved. In fact, no joints showed 
reactive new bone or destructive lesions that could be diagnosed as tuberculoid 
arthropathy (but see Section 7.2.5.19). 
Tuberculoid spondylitis is possible but not all of the diagnostic features were present. 
Only one skeleton, (Skeletons 983) a 25-35 year-old male had periosteal new bone 
affecting the thoracic spine. The spine was very poorly preserved but the arches and 
bodies of at least two thoracic vertebrae (? T10 and ? T11) had fused (Figure 7.39). 
Evidence for collapse, destruction, or angular kyphosis could not be observed because 
of the condition of the spine and because most of the. anterior portions had been lost 
post mortem. The articulating ribs of the upper vertebra (? T10) showed considerable 
osteophyte formation and pitting that was more coarse than the usual pitting seen in OA. 
The radiological appearance of the elements showed a sinus track through the lower 
vertebra (see Section 7.2.5.25). No periostitis was present on the ribs and there was no 
involvement in the rest of the skeleton. The incompleteness and poor condition of this 
specimen means a diagnosis is not possible but tuberculosis, osteomyelitis, or trauma 
are suggested. 
Three mature adults, one female and two males, had bony ankylosis of the thoracic 
and/or lumbar spine but showed no evidence for periostitis (see Section 7.2.5.25). These 
may represent healed tuberculous spondylitis (Resnick and Niwayama, 1995a). 
However, none of these cases showed any evidence for collapse or kyphosis. Clinically, 
ankylosis usually involves four to eight vertebrae (ibid. ). The cases from Llandough 
involved fewer vertebrae, although these spines were incomplete. 
Five skeletons had periostitis that was observed on the visceral surface of the ribs. All 
involved the anterior portions and one was secondary to a fracture (Skeleton 6). It was 
not possible to say precisely which ribs were involved in any of these cases because of 
fragmentation of the bones. None of them were accompanied by destructive lesions and 
therefore inflammatory conditions such as metastatic carcinoma, treponemal disease 
and osteomyelitis are unlikely (Roberts et al., 1994). In isolation, rib lesions. are not 
262 
enough to diagnose TB per se. However, two of the skeletons, a male aged 18-25 
(Skeleton 131), and a female aged >25-35 (Skeleton 1003) also had periosteal new bone 
affecting the diaphyses of the lower limb bones. Although these changes may be 
incidental, the diaphyses can be involved in TB (Aufderheide and Rodriguez-Martin, 
1998). Differential diagnoses that have been proposed for inflammatory rib lesions 
include acute lobar pneumonia, bronchiectasis, and non-specific pulmonary stress 
(Roberts et al., 1994). 
Skeleton 516, a 6-<8 year-old, presented periosteal new bone in association with lytic 
lesions with well defined margins, and the remains of a thin shells of cortical bone in 
the region of the lesser trochanters of both femora (Figure 7.40). Given the age of this 
skeleton and location of the lesions, a diagnosis of tuberculosis is possible (Ortner and 
Putschar, 1985). Tuberculosis of the'long bones usually involves the metaphyses and it 
is rarely encountered in adult skeletons. The defects in the present specimen may 
represent the cavitation that is seen in spina ventosa (ibid. ), or they may represent cysts 
that are seen in the variation of tuberculous osteomyelitis described by Resnick and 
Niwayama (1995a: 2475-2476). Differential diagnoses include a tumour or a tumour- 
like cyst; the periostitis was limited for infection and the metaphyses of young growing 
bone are common sites for primary benign and, malignant skeletal tumours (Ortner and 
Niwayama, 1985: 365). Thin shells of cortical bone are also characteristic of tumour-like 
cysts (ibid.: 366). 
Periosteal new bone on the pelvis may be related to gastro-intestinal TB (Roberts et al., 
1994). Two skeletons had periosteal new bone involving the ilia. Skeleton 470, a 15-36 
month old, had moderate smooth layered new bone on the posterior surfaces of both ilia. 
(see Section 7.2.5.16). Skeleton 527, a male aged 60+, had considerable fibrous layered 
new bone on the anterior aspects of both ilia and the posterior aspect of the right ilium. 
This was accompanied by moderate to considerable fibrous layered new bone on the left 
femur (Figure 6.4) and tibia. In addition to these two skeletons, the skeleton of a 17-25 
year-old female (Skeleton 28) presented no periosteal new bone but had rounded . 
cavities on the left auricular surface (see Section 7.2.5.16). No other associated changes 
were observed on this skeleton; the only other significant condition that was present was 
osteochondritis dissecans affecting both femora, but this is of no consequence to the 
lesions on the auricular surface. 
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Figure 7.40 Skeleton 516. Lytic lesion on anterior right femur (circled) and periostitis on 
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anterior left Femur (circled). 
Figure 7.39 Skeleton 983. Fused thoracic vertebrae and coarse pitting and osteophyte affecting 
the rib articulation. 
Solitary focal involvement of the ilium is uncommon in tuberculosis, and when it occurs 
usually presents itself as round or oval cavities (Ortner and Putschar, 1985: 146). Ortner 
and Putschar (ibid: 149) describe a case in a 15 year-old individual from the 19`x' century 
in which the sacro-iliac joints and left hip are involved. This is in addition to cavitation 
on the left- ilium which showed little new bone formation. Sacro-iliac involvement is 
more common among young adults and in most cases represents spread from the initial 
focus in the lumbosacral region (ibid. ). Skeletons 470 and 527 showed no cavity 
formation and no changes on any other bones in the pelvic region. Skeleton 28 also 
showed no other changes in the pelvic region. 
If the lesions discussed here are considered to have been caused by TB, then this would 
suggest an age and sex distribution involving five males, three females, one unsexed 
adult and two sub-adults. (excluding one female with periostitis secondary to trauma). 
Of the adults, three were over 45 years, the oldest being 60+ years, and the rest were 
under 40 years, the youngest being 17-25 years.. The sub-adults were 16-<18 and 6-<8 
years. 
7.2.5.19 Septic Arthritis 
Periositis affecting joints was virtually absent in the sample. However, there are two 
cases that may be considered under this heading. Both of these are possible examples of 
non-specific secondary septic ärthropathy following trauma. 
As discussed, (Section 7.2.5.2) one skeleton, a male aged 33-45, (Skeleton 98), had 
reactive new bone and ankylosis involving the elbow joint which was probably 
secondary to trauma (Section 7.5.2). The right navicular and right calcaneus of the same 
skeleton were also fused, but this was not accompanied by any periosteal new bone 
(Figure 7.31). Incompleteness of the specimen meant that it was not possible to 
determine whether the left calcaneus and navicular were also fused, although erosions 
were present on the anterior articular surface for the left talus bone suggesting bilateral 
involvement. Therefore, these changes may have been caused by a congenital condition. 
Other potential diagnoses for the changes in both the ankles and the elbow includes 
tuberculosis arthritis because: 
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1. The elbow is frequently involved in TB and the ankle can also be affected 
(Aufderheide and Rodriguez-Martin, 1998). 
2. There is a greater tendency for ankylosis in this condition (Roberts and Manchester, 
1995). 
However, there was limited destruction to both joints which is typical of tuberculosis 
arthritis and erosive lesions around the joint margins (characteristic of septic 
arthropathy) were also lacking. Therefore, a third differential diagnosis would be 
chronic low-grade infection. 
Skeleton 91, a male aged 60+, had a fused left trapezoid and second metacarpal 
accompanied by reactive bone. The fusion was right across the joint and there were no 
destructive lesions. Although a fracture could not be confirmed, this was probably old 
trauma with possible secondary septic arthritis. Septic arthritis is more likely than TB 
because there was no gross destruction and this is a rare site for TB infection. The same 
skeleton had a fracture affecting the right humerus, otherwise no other changes were 
observed. 
7.2.5.20 Treponemal Disease 
None of the classic skeletal lesions associated with treponemal disease were observed in 
the sample. However, the plaque-like new bone that was observed, often involving the 
anterior crest of the tibia and fibula, is a change that may be associated with gummatous 
lesions. A lack of additional skeletal lesions (e. g. caries sicca) makes this unlikely. 
7.2.5.21 Brucellosis 
A diagnosis of brucellosis may fit better with the ankylosed spines considered above for 
tuberculosis (Sections 7.2.4.18 and 7.2.4.25). The changes on these spines share the 
following characteristics with the skeletal changes seen in this disease: 
1. There is no confirmed evidence for spinal collapse, 
2. Most of the individuals affected are mature adults, 
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3. The lesions exhibit compact bone suggesting slow remodelled bone and not rapidly 
laid down fibre bone, and 
4. There is no confirmed evidence for kyphosis. 
In addition, smooth periosteal new bone was present on the anterior aspect of all 
thoracic vertebral bodies and the first two bodies of the lumbar vertebrae of Skeleton 
319, a male of 45+ years. None of the vertebrae were fused and, since both thoracic and 
lumbar regions were involved and there was no collapse or kyphosis, it is unlikely that 
the changes represent TB. However, Brucellosis is possible because this specimen 
shares the same features as the ankylosed spines discussed above. Excavations and 
increased porosity were also observed on the inferior surfaces of T9, T6, L4 and L3 and . 
although their macroscopic appearance suggested diskitis, their radiological appearance 
suggested that they represented large Schmorl's nodes and degenerative disc disease 
(Watt, Pers comm. ). 
7.2.5.22 Pulmonary Osteoarthropathy 
One skeleton (Skeleton 537) presented changes that were possibly caused by pulmonary 
lesions (Ortner and Putschar, 1985). This skeleton, a male aged 35-45 had considerable 
layered new bone and increased porosity and striations on the right metacarpals, both 
tibiae, both fibulae, right calcaneus, right and left metatarsals, and one proximal'foot 
phalanx. The changes occurred on the long-bone shafts and all lesions had a fibrous and 
smooth appearance. Changes appeared to be symmetrical although there were fewer 
surviving foot and hand bones on the left compared to the right. 
The pattern described here suggests pulmonary osteoarthropathy because; 
1. Changes are symmetrical 
2. Inflammatory changes involving the long bone shafts of the hand and foot are 
common in this disease, 
3. The lower limb bones are often affected while the femur is usually not involved. 
However, there are the following factors about Skeleton 537 that do not support this 
diagnosis: 
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1. Although considerable, the new bone does not resemble tree bark (Ortner and 
Putschar, 1985: 246) 
2. The forearms are not involved 
3. There is no evidence for clubbing. 
Other cases (Skeletons 119,426, and 962) of inflammation involving the hands and feet 
were observed but one of these was associated with trauma (Skeleton 119) and the 
changes on the other two skeletons did not accompany other inflammatory changes 
7.2.5.23 Scurvy 
It is possible, that some of the porous and/or inflammatory lesions involving the orbits, 
and ectocranial surface of skulls were the result of scurvy (Ortner and Ericksen, 1997; 
and Ortner et al., 2001). This includes skeletons with lesions that have been categorised 
as cribra orbitalia and porotic hyperostosis (Sections 3.3.1 7.2.1, and 7.2.2), and not just 
those showing inflammatory changes. 
Scurvy is a disease that is more common in childhood. This would explain the higher 
frequency of porötic and/or inflammatory changes in the orbits and-on the ectocranial 
and/or endocranial surfaces among sub-adults compared to the adults. However, apart 
from the involvement of skulls and orbits, the pattern of skeletal involvement that is 
considered diagnostic of scurvy was not reflected. That is, there was no evidence for 
similar changes on the sphenoid bone, mandibular ramus and maxilla, sites which are 
important in the diagnosis of this disease. Further, skeletons with just porotic lesions 
were not considered to be indicative of scurvy because these changes came from within 
the bone and were not on the surface. 
There were a few exceptions. Skeleton 682, a 15-20 year-old, had considerable smooth 
periosteal new bone and moderate porosity in the right orbit. Diffuse periosteal new. 
bone was present on all of the long bones and on the ectocranial surface above the right 
orbital margin and top of the right zygomatic arch. This was the only case where 
periostitis was observed around the orbits as well as inside. This was a very incomplete 
and fragmented specimen (35% complete) in which the left orbit, most of the skull, 
sphenoid, scapulae and most of the jaw were missing. 
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Skeleton 468, an infant/early child, had slight smooth new bone and moderate porosity 
in the left orbit. Considerable new bone was present in the metaphyseal region of an 
incomplete right femur. Inflammatory changes in scurvy are reported to affect epiphyses 
and metaphyses. of long bones (Aufderheide and Rodriguez-Martin, 1998). However, 
this skeleton was only 20% complete and therefore a diagnosis in this case remains 
speculative. 
Skeleton 68, a 2-<4 year-old, had moderate fibrous layered new bone on the ecto-cranial 
surface of the frontal bone and the occipital bone. Slight porosity was present on the 
occipital and considerable porosity was present on the frontal bone. Moderate smooth 
capillary-like impressions were observed on the endocranial surface of the frontal bone 
and slight fibrous layered new bone was present in right and left orbits. Slight porosity 
was observed in the left orbit, but not the right. This skeleton was only 15% complete. 
The skull was very fragmentary and the mandible and maxilla were absent. The only 
postcranial bones that had survived were a portion of the left femoral shaft and a portion 
of the left tibia shaft. Neither of these showed any changes. Again, the incompleteness 
of this skeleton makes diagnosis impossible. If the pattern of orbital and ectocranial 
lesions is indicative of scurvy, the endocranial lesions suggest that this skeleton also had 
another condition (for example, rickets) which may have predisposed him/her to 
nutritional deficiencies. 
Skeleton 233, a 15-21 year-old, had considerable smooth capillary-like new bone on the 
endocranial surfaces of the occipital, sagittal, and frontal bones (Figure 6.9). Moderate 
fibrous and smooth layered new bone was also present on the diaphyses of the distal left 
humerus, proximal and middle portion of the left ulna, and proximal left femur. 
Moderate fibrous and smooth layered new bone was also present on the left scapula, 
inferior to the glenoid. Slight porosity was present in the left orbit (the right was 
missing) but there was no inflammatory change. 
According to Ortner et al. (1999), the scapula is one of the sites that can be affected in 
scurvy. There was no involvement of the other sites that are typically affected in scurvy 
but this skeleton was only 15% complete. No maxilla survived, the skull was very 
incomplete and the only other elements present were a mandible, fragments of left 
scapula, and incomplete humerus, radius, ulna and femur shafts. 
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Slight layered fibrous new bone was present on the ectocranial surface superior to the 
right ear orifice of Skeleton 930, a 16-18 year-old. This skeleton also had moderate 
porosity in right and left orbits and slight porosity on the ectocranial surface of the 
parietals and occipital bones. This skeleton was 55% complete with a good 
representation of all elements that are typically involved in scurvy. None of these 
showed any changes and therefore, scurvy is unlikely. 
Lastly, considerable fibrous layered new bone was present on the ectocranial surface of 
all of the large skull bones of Skeleton 304 (aged 6- 12 months). Slight porosity and 
slight fibrous and smooth layered new bone were also observed on the right orbit (the 
left orbit was absent). No other changes were present but the skeleton was only 45% 
complete and had survived as fragments of skull, mandible, left arm bones and left leg 
bones. 
7.2.5.24 Endocranial Lesions 
In the present sample, most adult lesions were represented by layered new bone and 
most sub-adult lesions were represented by capillary-like lesions. Hair-on-end changes 
were present as a combination of types in a 6-8 year-old and a >35-45 year-old. The age 
category with the highest frequency of endocranial lesions was 0-<2. These lesions were 
present as layered new bone or capillary-like impressions, although most were present 
as the former. Layered new bone is almost absent in the age categories following this 
but by 8-<10 it is the only type. It is the most prevalent type after this and remains so 
into adulthood. The occipital was the favoured location for lesions in sub-adults 
whereas in adults all parts of the skull were involved more frequently, particularly the 
parietal bones. 
There is no evidence to support a diagnosis 'of tuberculosis since none of these skeletons 
show any accompanying changes (e. g. lytic lesions) that are associated with this 
disease. It is difficult to tell whether changes could be due to inflammation of the 
meninges. This can be caused by a number of organisms including tuberculosis and it 
generally causes rapid fatality leaving no bony response. It has been suggested that 
perhaps menigitis was less virulent in the past than it is today and therefore changes 
would have occurred (Roberts and Manchester, 1995). It is also argued that this may not 
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apply to children whose bones are more vascularised and responsive (Lewis, 
forthcoming). Therefore, meningitis, at least in sub-adults, cannot be ruled out. 
Neoplastic disease is possibly associated with one skeleton (Skeleton 80) that had 
capillary and hair-on-end endocranial changes. It is possible that this skeleton, and 
others that present a combination of endocranial lesions, had two conditions causing the 
changes and perhaps one condition predisposed the individual to the other. In particular, 
capillary and hair-on-end lesions may reflect the synergism seen in nutritional 
deficiency and infection. 
It is possible that the new bone in the 0-<2 year age group represents bone that is 
rapidly laid down in this age group during growth (Lewis, 2000). Only two skeletons 
from this group had other changes accompanying these lesions, although it must be 
remembered that this age group was not scored for periostitis elsewhere (Section 
6.3.8.3). Skeleton 938 and Skeleton 570 had porotic hyperostosis in addition to 
capillary-like impressions on the parietal bones (938) and layered new bone on the 
occipital bone (570). In the former, the porous changes were scored as grade 4 and were 
present on the ectocranial surfaces of the right and left parietals and the occipital bone. 
In the latter, the changes were scored as grade three and were present on the ectocranial 
surface of the occipital. It is possible that these lesions represent part of the same 
condition as that represented by the endocranial changes, or that one of these conditions 
predisposed the individuals to the other. 
Other aetiological factors can be explored by examining the prevalence of inflammatory 
changes at other sites besides the endocranium, cribra orbitalia, porotic hyperostosis and 
trauma. In order to proceed with differential diagnoses, it is necessary to consider the 
epidemiological features that were most common in each category presented in this 
section. These are summarised in Table 19 (Appendix 11) which presents the age 
categories most commonly affected, the sex most commonly affected, and the most 
common features of the lesions. This analysis draws on the most complete skeletons 
only in order to maximise the likelihood of the diagnoses. This shows the following 
trends: 
1. Sub-adults had a greater tendency to have periosteal new bone in the orbits 
compared to adults. 
2. Only the 18-25 age category had skeletons with multiple, site involvement in 
addition to endocranial lesions. 
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3. In the older age categories adults tended not to have other sites affected with 
periostitis. 
4. There were few cases of cribra orbitalia or porotic hyperostosis in the older age 
categories, although this is not surprising (see Chapter 3, Section 3.5). 
S. Cribra orbitalia and porotic hyperostosis were more ' prevalent among younger 
individuals. 
This suggests that in sub-adults changes tended to be related to normal growth or 
nutritional deficiencies and in adults changes tended to be related to infection. 
7.2.5.25 Other evidence for infection 
There was a group of skeletons in the sample who did not show any evidence for 
periosteal or osteomyelitic new bone but showed changes for which infection was the 
probable diagnosis. Table 20 (Appendix 11) summarises these changes, describes any 
other significant changes identified in the specimens, and presents differential diagnoses 
(including Skeleton 28 already discussed). 
Four skeletons had bony ankylosis of the spike which may have been caused by 
infection. This includes three skeletons that have been mentioned above (7.2.5.18 and 
7.2.5.21) and will be considered here in more detail. Other fused spines were identified 
but were associated with other conditions (such as congenital conditions) and are not 
discussed in the present study. 
Bony ankylosis of the spine is primarily seen in three different categories of disease: 
arthropathies, trauma, and infection. In all but two cases, (Skeleton 273 and Skeleton 
572) arthropathy is unlikely because of the pattern of fusion and/or the vertebrae 
involved. Skeletons 273 and 572 may be related to an arthropathy because of the 
involvement of the cervical spine (Skeleton 273, see below) and the multiple joint OA 
that accompanied the changes in - Skeleton 572. While trauma is possible, their 
macroscopic and radiological appearance did not show loss of body height, or other 
lesions of a traumatic nature. They could represent old remodelled trauma but there is 
an absence of secondary conditions such as OA and degenerative disc disease which 
would be expected if this was the diagnosis. Old infection and/or low-grade long- 
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standing infection where the new bone had completely remodelled and/or was of a very 
minor expression is the preferred diagnosis. 
Skeleton 572 presented the only example of fused cervical vertebrae in this group. 
Fusion of cervical vertebrae is common in conditions of a congenital nature, but in the 
present example an acquired condition was the preferred diagnosis because: 
1. The vertebrae were tilted, 
2. Congential conditions usually affect the upper portion of the spine, 
3. The fusion of three CV is not common in congenital conditions, and 
4. The presence of an osteophytic rim around the margins of C3/4 suggests that joint 
space was retained'here. 
It is possible that these changes were caused by an erosive condition. However, this is 
not favoured because the hands and feet and the odontoid peg usually show involvement 
in this condition, but showed no changes in this skeleton. 
In addition to these, Skeleton 908, a male of 45+ years presented one thoracic vertebra 
that exhibited considerable uniform loss of body height. The height of the body was 
approximately less than half that of a normal thoracic vertebra from the same skeleton. 
One moderately sized osteophyte projected from the inferior margin of the anterior body 
and a linear lytic defect ran horizontally across the superior surface. No other significant 
changes were observed in this skeleton and no inflammatory changes were present. 
Possible diagnoses for these changes are severe osteoporosis and histiocytosis-X (or 
Langerhan's granulomatosis). Fractures and loss of body height are common in 
osteoporotic spines. It is possible that the defect represents a fracture, or it has no 
association with the condition and represents a variation of a Schmorl's node. However, 
if this was' osteoporosis, other changes such as kyphosis, fractures affecting other 
vertebrae and hip fractures, were absent and this would be unusual in such a severe 
case. Histiocytosis-X favours flat bones and can be represented by solitary and multiple 
lytic lesions that have an absence of reactive bone formation (Ortner and Putschar, 
1985). This condition is common in young male boys, can stimulate a periosteal 
reaction, (although not always), and causes vertebra plana, or collapse of the vertebral 
body (Aufderheide and Rodriguez-Martin, 1998). The present case shares similarities 
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with Eosinophilic granuloma, one of the more common clinical manifestations of this 
condition. Although the present case was observed in a mature individual, solitary 
lesions can spontaneously resolve (ibid. ). 
Lastly, inflammatory changes in the maxillary sinuses have not been considered in this 
section owing to the extreme fragmentation and under representation of facial bones in 
the sample. This condition was identified in at least two skeletons, a sub-adult of about 
six years (Skeleton 884) and a male adult aged 33-<45 (Skeleton 944). These 
demonstrate the presence of the condition in the population. 
7.2.6 Stature 
Statures could be calculated for 151 skeletons (75 from phase I, 73 from phase II, and 3 
unprovenenced). For the entire sample, statures ranged from 144.80 centimetres to 
186.66 centimetres with a mean of 163.56 centimetres. No pattern was reflected in the 
burial distribution of skeletons above the sample mean and below the sample mean 
(Figure 7.41). 
Male statures (N=80) ranged from 156.71 centimetres to 186.66 centimetres and female 
statures (N=71) ranged from 144.80 centimetres to 169.12 centimetres (Figure 7.42). 
The shortest male (Skeleton 542) was from phase II and the tallest (Skeleton 788) was 
also from phase H. The shortest female (Skeleton 16) was buried in phase I and the 
tallest female (Skeleton 380) was buried in phase II. The mean male stature was 169.57 
centimetres and the mean female stature was 156.80 centimetres. Most females were 
between 1.55 and 160 centimetres tall (n=36) and most males were between 165 and 
170 centimetres (n=40) tall (Figure, 7.42). 
There was little difference between the statures of individuals buried in phase I 






























































































Range Mean s. d Range Mean s. d 
1.45-1.81 163.83 7.877043 1.46-1.87 163.58 8.293422 
(excludes 3 individuals that could not be assigned to an area) 
Statures calculated for Llandough are within the range calculated for all other samples 
(Table 7.26). This is with the exception of Whithom which presents slightly higher 
figures. Llandough presents the maximum stature recorded for all samples (186.66 
centimetres), and the second shortest stature after Saint Andrew's (144.80 centimetres). 
7.2.6.1 Final achieved height and stress indicator prevalence 
7.2.6.2 Entire Sample (Figure 7.43) 
Statures for skeletons with between one and three stress indicators ranged from 145.63 
centimetres to 180.64 centimetres with a mean of 165.15 centimetres. Skeletons with no 
stress indicators had statures that ranged from 144.80 centimetres to 186.66 centimetres 
with a mean of 162.78 centimetres. 
The most skeletons with no stress indicators had a stature that was between 155 and 160 
centimetres (25% of all skeletons with no stress indicators; N=101, n=25), and the most 
skeletons with one or more stress indicators had a stature that was between 165 and 170 
centimetres (36% of all skeletons, or with one or more stress indicators, or 20 out of 50 
skeletons). Overall, the distributions of statures for skeletons with and skeletons without 
stress indicators were similar. 
7.2.6.3 Males (Figure 7.44) 
Out of a total of 80 males with calculated statures, 30 have one or more stress 
indicators. Males with one or more stress indicators had a stature range of between 
163.69 centimetres and 180.64 centimetres and a mean of 169.72. Males without stress 
indicators had a stature range of between 156.71 centimetres and 186.66 centimetres 
and a mean of 169.48 centimetres. The stature distribution for males with one or more 
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7.2.6.4 Females (Figure 7 45) 
Out of a total of 71 females -with calculated statures, 20 had one or more stress 
indicators. No females showed evidence for more than 2 stress indicators. Females with 
one or more stress indicators had a stature range of between 145.63 centimetres and 
169.12 centimetres and a mean of 158.29 centimetres. Females without stress indicators 
had a stature range of between 144.80 centimetres and 167.65 centimetres and a mean 
of 156.21 centimetres. Females with one or more stress indicators showed a tendency to 
have higher statures compared to those without. 
7.3 Activity related Osseous Changes 
7.3.1 Enthesophytes 
7.3.1.1 Prevalence 
Out of a possible 503 'skeletons, 168 (33.4%) had enthesophytes at one or more. sites 
(Table 7.27). Enthesophytes were more prevalent in the older age categories. Skeletons 
with the highest prevalence in the entire sample were aged between >35 and 45 years 
(47.4%) followed by skeletons aged 45+ (46.8%). 
Table 7.27. Prevalence of skeletons with enthesonhvte 
Age at Death Total 
(years) N n Individuals 
with 
entheso h to 
% 
18-25 68 9 13.2 
>25-35 120 33 27.5 
>35-45 97 46 47.4 
45+ 79 37 46.8 
60+ 23 10 43.5 
Totals (aged 
adults) 
387 135 34.9 
Total adults 
una ed 
'116 33 28.5 
Totals (all 
adults 
503 168 33.4 
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Enthesophyte was more than twice as prevalent among males than females (Table 7.28). 
For males, the condition was most prevalent among skeletons aged >35-45 years. 
(58.8%), while for females it was most prevalent among skeletons aged 60+ (41.7%). 
However, the percentage of un-aged females with entheophyte (50.0%) was higher than 
the percentage for un-aged males (28.0%). 
Table 7.28 Age and sex distribution of skeletons with enthesonhvte. 
Age at Death Females Males 
(years) N n 
Sks. with 
enth. 




18-25 34 3 8.8 27 5 18.5 
>25-35 62 9 14.5 52 23 44.2 
>35-45 38 10 26.3 51 30 58.8. 
45+ 23 8 34.8 50 27 54.0 




169 35 20.7 189 90 47.6 
Adult 
Females/males 
14 7 50.0 25 7 28.0 
Total 
Females/males 
183 42 23.0 214 97 45.3 
Total sexed 
sample 
397 42 10.6 397 97 24.4 
Sks ° skeletons; entn = entnesopnyte. 
There was little difference in the total prevalence of skeletons with enthesophyte 
between phase I and phase II (Table 7.29). 
Table 7.29 Prevalence of skeletons with enthesophyte - phase I and phase II. 
Phase I 
n/N 




Males 35/89 39.3 62/123 50.4 
Females 13/59 22.0 29/122 23.8 
Unsexed 5/22 22.7 24/84 28.6 
Total 53/170 31.2 115/329 35.0 
n= number or sxeietons wiu1 entnesopnyte; iv= numoer of SKeletons observed. 
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7.3.1.2 Frequency of sites affected (Figure 46) 
Out of a total of 3,153 observable sites, 436 (12.4%) were affected. The site of the 
attachment for the Achilles' tendon on the calcanuem was the most frequently involved 
(30.7% for right and left -sides combined), followed by the attachment site on the 
patellae (24.4% for right and left sides combined). For all sites, right and left sides 
showed similar patterns of involvement. Right sides were involved slightly more 
frequently than left sides for the olecranon, ischial tuberosity, and linea aspera. Left 
sides were involved slightly more frequently than right sides for the iliac crest, patella 
and calcaneum. 
Males had significantly more sites affected than females (Y = 60.9, P<0.0001, d. f. 1). 
Males also had more high scoring sites than females (Table 7.30). 
Table 7.30 Distribution of enthesonhvte grades - males and females 
Grade I Grade II Grade III 
Males 176/272 62/272 34/272 
(64.7) (11.8) (12.5) 
Females 78/105 21/105 6/105 
(74.3) (20.0) (5.7) 
Total 254/377 83/377 40/377 
(67.4) (22.0) (10.6) 
c: alcuiateci out of i I2 male sites with entnesopnyte anct 1U female sites with enthesophyte. 
The prevalence of skeletons with two sites affected compared to one, two, three, or four 
or more sites (Table 7.31) was higher overall (28.8%), but was lower for males (23.7%) 
compared to females (45.2%). Males showed the greatest tendency to have just one site 
only affected (32.0%). Males also show a higher prevalence compared to females for 
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Table 7.31 Numbers of males and females with one, two, three, four or four or more 
sites with enthesophyte. 
Males Females Total 
One site 31/97 9/42 40/139 
(32.0) (21.4) (28.8) 
Two sites 23/97 19/42 42/139 
(23.7) (45.2) (30.2) 
Three sites 12/97 6/42 18/139 
(12.4) (14.3) (13.0) 
Four sites 16/97 4/42 20/139 
16.5 9.5 14.4 
More than four 15/97 4/42 19/139 
sites (15.5) (9.5) 13.7 
is out of the total number of males and temales with more tnan one site anectea. 
7.3.2 Skeletons with Enthesopathy of the Spine (DISH) 
Out of a total of 791 adult spines (including 282 cervical, 258 thoracic, and 251 lumbar 
spines) involving 372 adults, none showed evidence for classic DISH. However, three 
(0.4%) presented changes indicative of probable DISH, or changes that suggested early 
stages of the condition (Rogers, pers. comm. ). 
Skeleton 14, a male aged at 45+, had three thoracic vertebrae that were fused by 
osteophyte that flowed down the right hand side. The osteophyte had a candle-wax 
appearance and fragments of other thoracic bodies looked as though they were also 
fused. In addition, the lumbar vertebrae (two in total) showed fusion across the entire 
anterior surface. Enthesophyte and - osteophytosis were recorded on several sites in 
addition to the spine. Differential diagnoses include: DISH, ankylosing spondylitis, 
Reiter's syndrome, psoriasis and infection. The involvement of the cervical and lumbar 
spines is not uncommon in cases of DISH (Resnick, 1995) and when involved, fusion is 
often not of the typical kind associated with DISH (Rogers, pers. comm. ). Therefore 
DISH was the preferred diagnosis. 
Three thoracic vertebrae (unidentified) from Skeleton 15 (a 35-45 year-old female) were 
fused by osteophyte that flowed down the right hand side. The fusion had the classic 
candle-wax appearance that is typical of DISH (Rogers and Waldron, 1995) although it 
was not as florid and well established as classic cases. Seven other badly damaged 
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thoracic vertebrae also had large osteophytes projecting from their margins in a 
superior/inferior direction. Although not joined, their appearance suggested that at least 
some had been fused but had been broken apart post-mortem. In addition to these 
changes, the only two surviving lumbar vertebrae were fused along the anterior margin. 
Almost no ossification of extra-spinal sites and osteophytosis was present despite the 
relative completeness of this specimen. The changes in this specimen were considered 
to be representative of `early' DISH with associated non-specific changes in the lumbar 
spine (Rogers, pers. comm. ). 
Skeleton 126, a 35-45 year-old male, had moderate to large osteophytes that projected 
in a superior/inferior direction along the right side of T4 to T12. Although none of the 
vertebrae were joined, they were very fragmented and therefore, evidence for fusion 
remains inconclusive. If the long established fusion that is seen in classic cases of DISH 
was present, it is likely that this would have been visible since the fragmentation was 
not so considerable that this would have been obscured. The absence of this feature and 
the size of the osteophytes (grade II) suggest that fusion may have been in the early 
stages. In addition to these changes, the specimen had marginal osteophyte involving 
the sterno-clavicular joint and the right and left. gleno-humeral joint. Enthesophytes 
were largely absent, except for changes on the right and left linea asperas. It was 
concluded that this specimen showed possible early changes associated with the 
condition. 
7.3.2.1 Bone formers 
The distribution of enthesophyte scores (Figure 7.47) indicates that a score of about 1.6 
or higher represents a bone former in this population. In total, 11 skeletons fall into this 
category giving a prevalence of 2.1% (n=11, N=531). This involved 1.9% of males 
(N=214, n=4) and 1.1% of females (N=183, n=2). All but one skeleton were from phase 
II (Appendix 11, Table 22). No ossification of spinal ligaments was observed in any of 
these bone formers, although only two had all 12 vertebrae surviving. Only five 
skeletons showed evidence for osteophytosis. 
All of the skeletons diagnosed with DISH have scores that are below 1.6. Skeleton 14 
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7.3.3 Cortical Defects 
. 
7.3.3.1 Prevalence (Figure 7.48) 
Out of 570 skeletons, 202 (35.4%) had defects including 50 sub-adults (36.0%, N=139) 
and 152 adults (35.3%, N=431), of which 96 were male (47.8%, N=201) and 32 were 
female (19.5%, N=164). 
The youngest individuals with defects were two perinates (Skeletons 563 and 595). In 
both cases the defects were present on the humerus and involved the insertion of the 
Teres major (Skeleton 563, right and left), and the insertion of the Pectoralis major 
(Skeleton 595, left only, right no change). Defects were common in individuals aged 6- 
<8 years (54.6%), 10-<12 years, (66.7%), 12-<14 years (75.0%), and 18-25 years 
(75.0%). 
7.3.3.2 Frequency (Figures 49 and 50) 
Out of a total of 2,393 observable elements, 366 (15.3%) had defects. The most 
frequently affected site was the costoclavicular ligament (38.0%), followed by the 
Popliteus (19.3%), and Pectoralis major (15.9%). Right sides were more frequently 
affected than left sides. 
Sites most frequently affected among adults were the costoclavicular ligament (41.3%), 
and Pectoralis major (18.4%). This trend is also reflected in male frequencies (68.4% 
and 29.0% respectively). Sites most frequently affected among females were the 
costoclavicular ligament (17.5%) and the site of the Popliteus (6.4%). The most 
frequently affected sites among sub-adults were those of the costoclavicular ligament 
(27.5%) and the Popliteus (53.6%). The most striking difference between sites affected 
among adults and sites affected among sub-adults is that 45 out of 84 (53.6%) sub-ý 
adults had defects at the site of the Popliteus compared to just 41 out of 362 adults 
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7.3.3.3 Inter-site comparisons 
Fewer individuals in the Llandough population had one or more defects compared to all 
other comparative samples, except Atlantic Trading Estate which' had a similar 
prevalence (Table 7.32). 
Table 7.32. Prevalence of cortical defects - Llandoup-h and comparative samvles. 
Sub- Total Males Females Total 
adults adults 
Llandough n/N (%) 50/139 152/431 96/201 32/164 202/570 
(36.0) (35.3) (47.8) (19.5) (35.4) 
Atlantic Trading 0/3 10/25 8/15 2/10 . 10/28 
Estate n/N (%) (0.0) (40.0) (53.3) (20.0) (35.7) 
Cannington n/N (%) 9/22 28/47 15/21 15/27 37/69 
(40.9) (59.6) (71.4) (55.6) (53.6) 
Saint Andrew's n/N 18/28 28/49 22/28 7/22 -46/77 
(%) (64.3) (57.1) (78.6) (31.8) (59.7) 
Whithorn n/N (%) 5/14 5/14 3/8 2/6 10/28 
(35.7) (35.7) (37.5) (33.3) (35.7) 
n=number of individuals with one or more detects; N=number of individuals with one or more of the 
relevant elements present. (discrepancies between figures for Cannington and Saint Andrew's are because 
some older sub-adults have been assigned a sex). 
Overall, defect frequencies were similar to Cannington (Table 7.33) but compared to all 
sites Llandough had the highest frequency of sub-adult defects. This difference was 
greatest between Llandough and Cannington sub-adults, but was not statistically 
significant (X2 = 0.80, P=0.3697, d. f. 1). 
The main trend reflected in the adult frequencies is the marked difference between that 
of Saint Andrew's and all other sites. Compared to Llandough adult defects among 
Saint Andrew's adults were significantly more frequent (X2 = 12.28, P=0.0005, d. f. 1); 
male frequencies were also significantly higher in the Saint Andrew's sample (X? _ 
14.59, P=0.0001, d. f. 1). 
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Llandough females had the lowest frequency compared to all populations. This 
difference was most marked compared to Cannington females who had the highest 
frequency of all. 
Table 7.33. Frequency of cortical defects - Llandough and comparative samples. 
Sub-adults Total Males Females Total 
adults 
Llandough n/N (%) 97/548 269/1845 180/902 45/791 366/2393 
(17.7) (14.6) 20.0 (5.7) (15.3) 
Atlantic Trading 0/14 21/154 18/107 3/47 42/322 
Estate n/N % (0.0) (13.6) (16.8) (6.4) (13.0) 
Cannington n/N (%) 17/119 51/315 31/151 26/177 125/762 
(14.3) (16.2) 20.5 (14.7) (16.4) 
Saint Andrew's n/N 31/184 75/339 65/201 13/138 184/862 
(16.9) (22.1) 32.3 9.4 21.4 
Whithorn n/N (%) 9/53 6/65 4/35 2/25 21/178 
17.0 (9.2) (11.4) (8.0) 11.8 
n=number of elements with one or more detects; N=number of elements present (discrepancies between 
figures for Cannington and Saint Andrew's are because some older sub-adults have been assigned a sex). 
7.3.4 Osteoarthritis 
7.3.4.1 Prevalence 
Osteoarthritis (OA) was present on at least one site of 171 skeletons including 88 males, 
52 females and 31 unsexed. The prevalence of OA increased steadily with the 
advancement of age and was greatest in the 60+ age category (Table 7.34). 
Table 7.34. Age distribution of Llandoueh skeletons with OA. 
Age at Death Total 




18-25 87 4 4.6 
>25-35 127 28 22.1 
>35-45 102 38 37.3 
45+ 86 50 58.1 
60+ 23 16 69.6 
Totals (aged 
adults) 
425 136 32.0 
Total adults 
una ed 
150 35 23.3 
Totals (all 
adults) 
575 I 171 29.7 
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OA was significantly more prevalent among males than females (X` = 5.77, P=0.0 
d. f. 1), (Table 7.35). 
There was little difference in the prevalence for phase 1 (28.9%; n=52, N=180) and 
phase 11 (30.7%; n=119, N=388). 
7.3.4.2 Frequency of sites affected 
The cervical spine followed by the hand were the most frequently affected sites in the 
sample (Figure 7.51; Appendix 11, Table 25). This pattern was also reflected for male 
frequencies. The most frequently affected site among females was the lumbar spine 
followed by the hand. The right hand was involved slightly more than the left among 
males, but for females this was reversed (Table 7.36). Bilateral involvement was highest 
for hands and more frequent among males than females. There was little difference in 
the overall frequency for both phases, although there was more knee and hand OA and 
less gleno-humeral, elbow and hip OA in phase II than in phase I (Figure 52, Appendix 
11, Table 26). 
Out of 140 cases, 67 (47.7%) involved one site only and 73 (52.1%) involved more than 
one site (Table 7.37). Out of 88 male cases, 41 involved just one site and 47 out of 88 
cases involved more than one site. For females, 26 (50%) out of 52 cases involved one 
site and 26 (50%) out of 52 involved more than one site. For these calculations bilateral 
involvement of the same site has been counted as two different sites, in addition to other 
sites (for example, a skeleton with OA affecting right and left hands and the left knee, a 
count of 3 was assigned). If right and left sides'of the same site were not counted as two 
separate sites, then the number of cases with more than one site involved is 67 (47.9% 
of 140 cases). These calculations have also counted the hand, foot, cervical spine, 
thoracic spine and lumbar spine as one site and have not counted the individual joints at 
these sites. Therefore, a skeleton with hand OA may have it affecting one or more joints 
in the hand but this 'is not reflected in these results. This level of analysis was not 
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Table 7.36 Number or right, left, and bilateral sites affected - males and females. 
Joint Males Females 
Right Left Bilateral Right Left Bilateral 
(**) (**) 
Temperomandibular 1 1 1 2 1 3 
joint (1/1) (2/3) 
Gleno-humeral joint 3 3 3 2 2 1 
(7/9) 5/5 
Acromioclavicular 3 2 0 1 1 0 
. joint 
5/5 (1/2) 
Sternoclavicular 2 1 1 0 0 0 
joint (4/4) 
Elbow 9 4 5 3 4 1 
(16/18) (7/8) 
Wrist* 5 3 3 1 3 0 
(7/11) (1/4) 
Hand* 11 8 10 6 8 5 
(26/29) (19/19) 
Hip 4 2 .1 1 0 1 
(6/7) (2/2) 
Knee 2 2 0 4 3 1 
(4/4) (8/8) 
Ankle* 1 0 0 0 0 0 
Foot* 4 4 1 1 1 0 
(9/9) (2/2) 
*=one or more joints; (**)= number of affected skeletons with R+L joints present out of total number of 
affected skeletons; these figures show how many of the skeletons with OA at each site could be observed 
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Patterns of joint involvement were explored for cases with a combination of joints 
affected and are tabulated in Appendix 11, Table 27.. This excludes bilateral 
involvement (i. e. for a skeleton with elbow, hand and wrist OA to be counted for this 
combination, right and/or lefts were counted). Patterns involving hands, spines, 
shoulders, and elbows were the most common (Figures 53 and 54). The most common 
pattern was hands and spines and this was observed in 24 (32.9%) skeletons. 
7.3.4.3 Osteoarthritis in individuals <40 years 
Of those skeletons under the age of 40 years, 32 had one or more joints affected by OA 
including 12 females (23.8% of all females with OA or 7.0% of all individuals with 
OA) and 17 males (19.3% of all affected males or 9.9% of all affected individuals) 
(Table 7.38). The youngest in this group was a male aged 17-22 years. The right femur 
of this unsexed individual (Skeleton 932) had a mushroom-shaped femoral head which 
was accompanied by osteophyte, bony contour change and large cystic formation 
(Figure 7.55). All of these changes were moderate to considerable. Cystic formation 
was also present in the acetabulum of the same side, although there were no other 
changes. It is possible that these changes were secondary to Perthes disease in this joint. 
Table 7.38 Aae and Sex distrihntinn of Slceletnnc ein nn 
Age Category Male Female Unsexed 
17-25 3 0 1 
>25-35 6 6 2 
30-40 8 6 0 
Total 17 12 3 
Analysis of the distribution of sites affected in these skeletons (Table 7.39; Appendix 
11, Table 28) showed that hands were affected the most, followed by the costovertebral 
joint. Six males and one female showed evidence for fractures but only in two males 
was the OA associated. 
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Figure 7.53 Relationship between OA affecting the hand, spine and shoulder in the 
Llandough sample. 
Shoulder 
Numbers= number of skeletons; spine= CV, and/ TV and/ LV, shoulder= acromioclavicular joint and/or 
sternoclavicular joint. 
Figure 7.54 Relationship between OA affecting the hand, elbow and spine in the 
Llandough sample. , 
Elbow 




























Table 7.39. Distribution of sites affected with OA in skeletons <40 years. 




Glenohumeral joint 1 1 
Sternoclavicular joint 2 2 
Costovertebral joint 6 2 3 1 
CV 5 5 
TV 2 2 
LV 4 1 3 
Elbow 4 3 1 
Wrist 3 2 2 
Hand 13 8 5 
Hip 2 1 1 
Knee 3 0 3 
Foot' 5 2 2 1 
7.3.4.4 Inter-site comparisons 
Eleven skeletons from Cannington had OA' affecting one or more sites (23.9% of all 
adults (n=46). From the Saint Andrew's sample, 13 individuals showed evidence for 
OA at one or more site (26% of all adults (n-50)), and from Whithorn, 5 skeletons 
showed evidence for OA at one or more sites (13.2% of all adults (n=38). The condition 
of the skeletons from Atlantic Trading Estate was too poor to include in this analysis. 
The Distribution of affected sites is similar for all samples (Table 7.40). Llandough was 
the only site that had temporomandibular joint OA (not shown in this Table), and the 
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7.3.5 Schmorl's Nodes 
7.3.5.1 Prevalence 
Out of 469 adults, 114 had Schmorl's nodes affecting one or more vertebrae (24.3%). 
They were significantly more prevalent among males compared to females (X2 13.45, P 
= 0.0002, D. f. l) (Table 7.41). For males, more skeletons aged 18-25 and >25-35 were 
affected than those assigned to older age categories and, for females, more skeletons 
were affected in the 18-25 and 45+ age categories. 
Table 7.41. Aae and Sex Distribution of skeletons with Schmorl's nodes 
Age at Death Females Males 









18-25 34 10 29.4 31 15 48.4 
>25-35 58 10 17.2 52 25 48.1 
>35-45 34 5 14.7 53 22 41.5 
45+ 22 4 18.2 53 12 22.6 




160 31 19.4 198 76 38.4 
Adult 
Females/males 
13' 2 15.4 19 2 10.5 
Totals 173 33' 19.1 217 78 35.9 
Sample 390 8.5 390 20.0 
bN= bcnmort-s noaes. 
7.3.5.2 Frequency 
The thoracic spine was the most frequently affected followed by the lumbar spine and 
this trend was consistent for all age categories (Table 7.42). 
Involvement of the thoracic spine was most frequent among skeletons aged between 18 
and 25 years and >25 and 35 years. Involvement of the lumbar spine was most frequent 
among skeletons aged 18-25 and >35-45 years. Overall, skeletons aged 18-25 and >35- 
45 years had highest frequency of affected spines. 
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Table 7.42. Frequency of spines with Schmorl's nodes by age. 
Cervical Thoracic Lumba r Total 
N SN % N SN % N SN 
18-25 71 0 0.0 69 22 31.9 62 13 21.0 35/202 
(17.3) 
>25- 111 0 0.0 104 ' 34 32.7 92 15 16.3 49/307 
35 (16.0) 
>35- 75 0 0.0 77 23 29.9 67 16 23.9 39/219 
45 (17.8) 
45+ 76 0 0.0 63 14 22.2 53 6 11.3 20/192 
(10.4) 
60+ 19 0 0.0 20 3 15.0 21 4 19.1 7/60 
(11.7) 
Adult 41 0 0.0 48 6 12.5 31 0 0.0 6/120 
(5.0) 
Total 393 0 0.0 381 102 26.8 326 54 16.6' 156/1100 
14.2 
N= number of spines present (one or more vertebrae), SN=number of spines with Schmorl's nodes (one 
or more vertebrae), %= SN/N x 100. 
7.3.5.3 Association between skeletons with Schmorl's nodes and nutrition related 
conditions, activity related osseous changes, and biological sex. 
In order to explore the aetiology of Schmorl's nodes in the population, the distribution 
of 78 males and 33 females with Schmorl's nodes with and without nutrition related 
conditions and activity related conditions was tabulated (Table 7.43) and analysed using 
hierarchical log-linear analysis (Appendix 12). 
The distribution suggests that most males with Schmorl's nodes have nutrition related 
conditions absent and activity related conditions present (42.3%), and most females 
with Schmorl's nodes have nutrition related conditions and activity related conditions 
absent (39.4%). Hierarchical log-linear analysis of this distribution (see Appendix 12) 
indicates that there is an association between biological sex and activity related 
conditions in skeletons with Schmorl's nodes, but nutrition related conditions are not 
related (likelihood ratio X2 = 0.46, p= . 830, 
d. f. 1). 
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Table 7.43. Distribution of skeletons with Schmorl's nodes and presence/or absence of 
nutrition related condtitions and activity related conditions. 






Present 26 10 36 
related 
conditions 
Absent 33 9 42 
Total 59 19 78 
Female 
Nutrition 
Present 4 6 10 
related 
conditions 
Absent 10 13 23 
Total 14 19 33 
7.3.5.4 Inter-site comparisons 
Llandough, followed by Atlantic Trading Estate had the lowest frequency of spines 
affected (Table 7.44). 
The chi-squared test explored the difference between the Llandough frequency with 
each comparative site frequency and this indicated that only Saint Andrew's had a 
significantly different frequency (X2= 16.11, P<0.0001, U. 1). 
Table 7.44. Frequency of Schmorl's nodes - Liandough and comparative sites 
Llandough Atlantic Cannington Saint Whithorn 
Trading Andrew's 
Estate 
Number of 1,100 91 125 130 46' 
spines* 
Number with 156 15 25 36 10 
Schmorl's 
nodes* 
14.2 16.5 20.0 27.7 21.7 
" *= number of cervical (one or more) + number of thoracic (one or more), + lumbar (one or more). 
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7.4 Trauma 
A total of 50 individuals had sustained fractiires; all of these represent ante-mortem 
fractures because they all displayed evidence of healing and/or bony remodelling. 
As far as it was possible to tell (in the absence of a more focused microscopic 
investigation), there was no evidence for peri-mortem fracturing in the sample. The 
highly fragmented nature of the Llandough collection due to post-depositional processes 
may be a factor that has biased this result (see Section 8.6.2). 
7.4.1 Frequency of fractured elements (Table 7.45) 
A total of 69 fractured elements were observed out of a total of 44,434 elements that 
were examined. The most frequently fractured element in the sample was the clavicle 
followed by the ulna. Overall, fractures affecting the major upper limb bones were more 
common than those affecting the major lower limb bones. The ratio of upper limb 
fractures to lower limb fractures was 3.6 to 1.0 There was no difference between the 
frequency of fractures affecting the right side (n=20, N=11,112 or 0.2%) compared to 
those affecting the left (n=18, N=10672 or 0.2%). Long-bone fractures are described in 
more detail in Section 7.5. 
Of the vertebral fractures (n=5), 3 displayed loss of body height and/or horizontal linear 
breaks that were consistent with a diagnosis of wedge compression fractures (Skeletons 
871 (T11), 339 (? L4), and 587 (T12)). They were observed on one skeleton aged 45+ 
(Skeleton 339), one aged 40-50 years (Skeleton 871), and one aged 25-<35 years 
(Skeleton 587). In addition to these, one fracture involved the spinuous process of L3 
(Skeleton 933), and one involved the right lamina of L4 (Skeleton 726). The latter had 
resulted in a pseudo arthrosis with the left lamina of L5 (Figure 7.56). In this latter case, 
it was not possible to assess the full impact of this injury because only a fragment of the 
L5 lamina had survived. 
Fractures affecting the metacarpals (n=5) involved four skeletons (Skeletons 91,119, 
225, and 329). These were observed on the right MCl (Skeleton 329), the right MC5 
(Skeleton 225), the left MC5 and the right MC2 (Skeleton 119) and the left MC2 
(Skeleton 91). All of these fractures could be identified by discontinuity in the 
309 
Figure 7.56 Skeleton 726. Fractured fourth lumbar vertebra. 
A 
B 
A= superior view showing a fracture affecting the right lamina; 
B= inferior view showing pseudo arthrosis. 
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alignment of the bone. This is with the exception of Skeleton 91 in whom the left MC2 
was well aligned, but was fused to the left trapezoid bone and accompanied by possible 
secondary septic arthritis. This skeleton also had a fractured distal right humerus (see 
Section 7.2.5.19). Only one skeleton had more than one metacarpal affected, although 
not all metacarpals were present for all skeletons. 
One skeleton (Skeleton 428), a 30-40 year-old female, had a fracture of the left inferior 
pubic ramus (Figure 7.57). The bone was incomplete and the right innominate was 
missing. Therefore, this could represent a single break of the pubic ramus (a Duverney 
fracture), an ipsilateral fracture of the pubic ramus or rami (a single break in the pelvic 
ring), or a bilateral vertical fracture involving both pubic rami (a `straddle' fracture) 
(Resnick et al., 1995). There was no involvement of the sacrum or sacroiliac joint. The 
fracture was well healed with established new bone formation suggesting that it had 
been sustained some time before death. This was an indirect fracture and a fall is the 
most likely cause (ibid. ). 
One probable scapula fracture was observed on a male aged 45+ (Skeleton 838). Only a 
portion of the right glenoid had survived and no fracture line was visible radiologically. 
However, the joint was malpositioned (anterior rotation) suggesting disruption to the 
stability of the shoulder and subsequent pulling of the glenoid. Today, these changes are 
observed in fractures that affect the neck of the scapula and are associated with a direct 
blow to the shoulder (Resnick et al., 1995). It is possible that these changes resulted 
from injury involving the proximal humerus, but the present specimen showed no signs 
of trauma at this site. Other changes that were present include considerable marginal 
osteophyte, bony contour alteration, and pitting. These changes were also observed on 
the opposing joint surface (the humeral head) which was also eburnated, confirming a 
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Table 7.45 Frequency of fractures in the Llandough sample - all skeletons and all 
elements. 


















Skull* 614 3 0.5 
Mandible 491 0 0.0 
Sternum 180 1 0.6 
Scapula R 438 1 0.2- 858 1 0.1 
420 
Clavicle R 472 5 1.1 935 8 0.9 
I L 463 0.7 
Ribs** 5133 16 0.3 
Cervical 2514 0 0.0 7981 5 0.1 
Thoracic 3872 2 0.1 
Lumbar vertebrae 1595 3 1 
Sacrum 369 0 0.0 = new z. . ý: r .: "ý ,., 
Ilium R 496 0 0.0 969 0 0.0 
L 473 0 0.0 
Ischium/pub R 487 0 0.0 982 1 0.1 
is L 495 1 0.2 
Humerus R 556 2 0.4 1092 3 0.3 
L 536 1 0.2 
Radius R 529 4 0.8 1038 7 0.7 
L 509 3 0.6 
Ulna R 544 4 0.7 1062 8 0.8 
L 518 4 0.8 
Carpals R 1380 0 0.0 2624 0 0.0 
L 1244 0 0.0 
Metacarpals R 1356 3 0.2 2572 5 0.4 
L 1216 2 0.2 
Hand halan es 5590 4 0.1 
Femur R 584 0 0.0 1156 1 0.1 
L 572 1 0.2 
Patella R 300 0 0.0 573 0 0.0 
L 273 0 0.0 
Tibia R 543 0 0.0 1055 2 0.2 
L 512 2 0.4 
Fibula R 526 1 0.2 1000 2 0.2 
L 474 1 0.2 
Tarsals R 1682 0 0.0 3352 0 0.0 
L 1670 0 0.0 
Metatarsals R 1219 0 0.0 2516 0 0.0 
L 1297 0 0.0 
Foot phalanges 2292 2 0.1 = . ", ;== i":. 
Totals 44,434 69 0.2 
*Thrpp skull fractures are included in these H eures but are also d iscussed cenarnte1v (Spas..., 7 o; ) ** Thp 
minimum number of ribs is presented here; due to fragmentation no attempt has been made to present 
them as left or right sides. 
313 
There was no significant difference in frequencies between phases (Y 0.0008, P= 0.978, 
d. f. 1, Table 7.46). In phase I the clavicle was the most commonly fractured bone, 
followed by the skull, then upper limb bones. In phase II the clavicle was also the most 
commonly affected bone followed by upper limb bones and then ribs. Upper limb bone 
fractures were more common in phase I than in phase II but this was not significant (X2 
= 1.23, P=0.2672, d. f. 1). There were also no lower limb fractures in phase I as 
compared to five in phase II. Fractures were more widely distributed around the 
skeleton in phase II than in phase I involving the sternum, ischio-pubic ramus, and the 
scapula. In both phases there was a greater tendency for fractures to affect skulls and the 
upper appendage (ribs, clavicles, vertebrae, arm and hand bones) than the lower 
appendage (leg and foot bones). 
Table 7.46. Frequency of Fractures by phase 
Elements Phase I Phase II 
n/N n/N 
Skulls 2/186 1/419 
(1.1) (0.2) 
Clavicles 4/333 4/588 
(1.2) (0.7) 
Upper limbs 8/1081 9/2069 
(0.7) (0.4) 
Lower limbs 0/1072 5/2088 
0.0 (0.2) 
Ribs 3/1859 13/3186 
(0.2) (0.4) 
Metacarpals 4/968 1/1559 
(0.4) (0.1) 
Hand phalanges 1/2083 3/3405 
(0.1) 0.1 
Foot phalanges 0/893 2/1355 
(0.0) 0.2 
Vertebrae 2/2949 3/4898 
(0.1) (0.1) 
Other* 0 3 




*= includes: one sternum, one scapula, and one isctuo-pubic ramus (upper limbs - humerus, radius, ulna, 
lower limbs = femur, tibia, fibula). 
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7.4.2 Prevalence of skeletons with fractures 
Out of 427 sexed skeletons, 11.0% (n=47) had a fracture (Table 7.47). Males had a 
significantly higher fracture prevalence compared to females (X2 = 12.43, P=0.0004, 
d. f. 1). Fractures occurred in all adult age categories and they were most frequent in the 
60+ age category. All fractures in this age group were identified on males. There were 
however five males and one female with fractures that could not be assigned to an age 
category other than adult. This accounts for 13.3% of the sample. For females, fractures 
were most common in the >35-45 year age category, but for males they were more 
common in the 60 + year age category. 
The prevalence of fractures by element and sex (Table 7.48. ) shows that the most 
frequently fractured element among females was the ulna and the rib was the most 
frequently fractured element among males. Although fractures involving the clavicle 
were most frequent for the entire sample (see Table 7.45. ), ribs were the most frequently 
affected elements in the combined sex sample. 
7.4.3 Skeletons with multiple fractures 
Skeletons that had sustained fractures involving more than one bone totalled 11 
including, eight males, two females and one unsexed skeleton (Table 7.49). One 
skeleton, Skeleton 1000, had five fractured rib fragments but because it was not possible 
to assign a side to these, nor count the number of ribs that they represented, this skeleton 
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Tah1P 7, d9 Clceletnnc with mnltinle fractures. 
Skeleton Number Age Sex Affected Bones 
91 60+ M Right humerus, 1 left 2" metacarpal 
93 45+ F Left radius, Left ulna 
103 20-40 M Skull, right radius, right ulna 
119 25-35 M Left radius, left 5u' metacarpal, right 2° 
metacarpal 
397 45-55 M 1 right rib, right ulna 
406 Adult ? Ri ght humerus, right ulna, right radius 
471 60+ ?M 1 proximal hand phalanx, left tibia 
587 25-35 M 1 thoracic vertebra, 1 proximal foot 
phalanx 
592 35-45 M Left tibia, left fibula 
838 49-59 M Right scapula, right radius 
846 33-45 F Right radius, 1 proximal foot phalanx 
Almost all patterns involved the upper appendage and most frequently involved the 
radius and/or ulna. In four cases, patterns involved two adjacent bones (i. e. radius and 
ulna, tibia and fibula). In two of these cases another bone, in addition to two adjacent 
bones, was also involved. 
7.4.4 Comparison offracture frequencies'between samples (Table 7.50; Figure 7.58) 
Saint Andrew's had a significantly higher number of fractured elements compared to 
Llandough (X2 = 4.22, P=0.04, d. f. 1). Differences could not be explored using chi- 
squared analysis for Atlantic Trading Estate and Whithorn because sample sizes were 
too small, but the difference between the total element frequency for Llandough and 
Cannington were found not to be significant (Y = 0.56, P=0.4556, d. f. l). This 
comparison excludes three weapon related skull fractures involving three Llandough 
male skeletons; these are compared under a separate heading with the blade injuries that 
were observed on the Saint Andrew's specimens (also not included here). 
Llandough fracture prevalence (crude and absolute) ranks third after Atlantic Trading 
Estate and Saint Andrew's. All sites show that more males than females sustained 
fractures, except for Saint Andrew's. 
For all sites apart from Whithorn, the ulna and the radius were the most frequently 
affected bones. Fractures affecting the clavicle were common in the Whithom sample 
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that involved the lower limb bones, and in general there was a greater range of element 
involvement at Llandough compared to all other samples. Where comparisons could be 
made, Llandough had the lower frequencies than other samples for individual elements. 
7.5 Long bone Fractures in the Llandough Sample - Types, Patterns, Healing, and 
Complications 
7.5.1 Types and patterns (Tables 7 51 and 7.52) 
The most common fracture position in the sample was the distal third (48.4% of all long 
bone fractures), and the least common was the proximal third (9.7%). Simple oblique 
fractures were the most common fracture type, accounting for 77.4% of all long bone 
fractures. No spiral, hairline, impacted or comminuted fracture patterns were observed 
and all fractures were complete breaks. 
Fractures that involve the distal third of the bone and oblique fractures, which reflect an 
indirect application of force, are associated with falls, such as that onto an outstretched 
hand or twisting an ankle. Other patterns identified in the sample would also suggest an 
association with falls. For example, in modem populations, a supracondylar fracture to 
the humerus is often caused by a fall and is one of the most frequently observed 
fractures of childhood (Crawford Adams, 1983). Fractures affecting the olecranon are 
also associated with falls and occur more frequently in adults (ibid). Fractures affecting 
the diaphyseal shaft of the femur are caused by considerable forces, and fractures 
affecting the articular portion of the tibia are caused by abduction of the tibia onto the 
femur while the foot is fixed on the ground (ibid. ). Lastly, fractures affecting the 
clavicle are usually caused by a fall onto the shoulder or an outstretched hand. 
Associations with direct forces are seen in the medial portion of the clavicle, although 
none were observed in the present sample. 
Fractures that were associated with a direct force include those showing transverse 
patterns. These account for 19.4% of the sample and all of these (n=6) involved ulnae. 
Such fractures are associated with a direct blow and are linked to fending off an 
attacker, but they can alsq be caused by a fall (Jurmain, 1999). Closer examination of 
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the location, observing the involvement of the radius and comparisons with clinical 
data, can help determine the most likely cause. 
Four radii (Skeletons 846,217,119, and 838) and five ulnae (Skeletons 74,228,352, 
397, and 910) displayed fractures that may have been sustained on their own without 
involvement of the adjacent bone. Although radius and ulna fractures affecting the same 
side could be identified in three cases (Table 7.51), this does not rule out the fact that 
there could have been more; six out of 12 skeletons with fractured radii and/or ulnae 
were incomplete and could not be properly assessed. 
Specialists have observed the tendency for fractures originating from violence to 
involve only one forearm bone instead of two (Jurmain, 1999). Out of the five ulnae, 
four displayed transverse patterns (Skeletons 910,397,352, and 74; Figure 7.57), while 
all of the four radius fractures were oblique. One of the fractures of the ulna (Skeleton 
910) involved the olecranon and is associated with a fall (as discussed above). One of 
the fractures of the radius (Skeleton 838) affected the proximal portion of the shaft. 
Involvement of the proximal radial shaft is uncommon and can be associated with a 
direct blow or a fall (Resnick et al., 1995). Skeleton 838 also had a probable fractured 
scapula, possibly the result of a direct blow, suggesting that the fracture of the radius 
may also have been caused by the same mechanism. 
Therefore, four ulnae and one radius were potentially associated with an aggressive 
force. Since it is, however, extremely rare for radius and ulna fractures to occur on their 
own (Resnick et al., 1995), and since six have incomplete elements and may have 
accompanied soft tissue changes, this is only an approximation at best. 
Three skeletons (Skeletons 93,406, and 103) had fractured radius and ulna shafts of the 
same side. Both the radius and ulna of one skeleton (Skeleton 93) showed oblique 
patterns affecting the distal ends which are consistent with a fall. The interpretation of 
the fractures affecting the radius and ulna of the other two skeletons is less straight 
forward since they present oblique and transverse patterns. One of these (Skeleton 103) 
also has a fracture affecting the skull suggesting that violence might be a more likely 
cause. The fractures affecting the other skeleton (Skeleton. 406) are both distal and 
therefore, a fall is the most likely explanation. 
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Overall, it was difficult to assess radial and ulna fractures because of fragmentation and 
missing data. Additionally, certain types of fracture that are accompanied by dislocation 
(for example, the Galeazzi and Monteggia fractures) are impossible to identify in dry 
bone (Resnick et al., 1995). Therefore, the representation of fractures resulting from 
. direct 
force and hence possible violence is difficult to estimate. 
If the above interpretations are employed, the patterns observed in the long-bones 
suggest that the overall prevalence of fractures related to direct force was 22.6% 
(n=7/31) compared to 77.4% (n=24/31) that were associated with indirect force. 
Patterns suggesting direct force were observed on three out of six females (50%) with 
fractured long bones, and three out of 19 males (15.8%) with fractured long bones. For 
females, these were represented by three single ulna fractures (24% of 25 fractured male 
and female long bones), and for males, by fractures involving one single ulna, one 
radius and ulna, and one single radius (12% of 25 male and female fractured long 
bones). Patterns suggesting indirect forces were present on three females (50% or 24% 
of 25 fractured long bones) and 16 males (84%, or 64% of all fractured long bones). 
Table 7.51. AO Classification of Long bone Fractures 
AO Classification Number of Eleme nts Observed 
Females Males Unsexed Total 
12-A2.3 0 11 11 2 
13 - A2.2 0 11 0 1 
21'- B?.? 0 11 0 1 
22-A1.1 3(3) 0 0 3 
22-A1.2 0 11 11 2 
22-A3.2 2(1) 2(l) 0 6(3) 
22 - A2.? 0 11 0 1' 
22 - A2.1 11 1 1. 0 2 
23 - A2.? 0 11 11 2 
32-A2.2 11 0 0 1 
41-B3.1 0 11 0 1 
44 -??.? 0 21 0 21 
44 - BI.? 0 1-0) 0 1 
Total 7(6) 13 11 31 23(18) 
-r= it was not possioie to aetermme irom uze ounczi awne me exact classitication. Numbers in parentheses 
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7 5.2 Healing (Table 7.53; Appendix 11, Table 29) 
All but two fractures displayed well-established callus formation indicating that they 
occurred a long time before death. Linear deformity was the most frequent complication 
observed on the specimens (38.7% of all fractures), followed by shortening (22.6% of 
all fractures). In most cases deformity could only be assessed visually (Appendix 11, 
Table 29) and was mainly represented by minor cases; only three radii fell outside the 
range that the clinical model presented by Roberts (1988) and Grauer and Roberts 
(1996) says constitutes successful healing (Table 7.53; Appendix 11, Table 29). Other 
complications had a relatively low occurrence. 
Non-specific infection and OA may be associated with other factors besides a fracture 
and therefore are not a direct reflection of fracture complications. In particular, the high 
prevalence of older individuals in the sample may have biased the observations of OA 
which involved 19.4% of fractures, but is also an age-related condition. 
In this context it is worth mentioning again Skeleton 98 (see Sections 7.2.5.19 and 
7.2.5.2) who had a fracture affecting the supracondylar region of the humerus. Although 
the humeral condyles were missing post mortem, ossified new bone was present on the 
proximal ulna of the same side indicating that these bones had once been fused in 
flexion (Figure 7.31). These changes were also accompanied by smooth periosteal new 
bone. Fractures affecting the supracondylar region can cause brachial artery damage and 
median ulnar nerve damage and are uncommon in palaeopathology (Roberts, 1988). 
No specimens displayed examples of mal-union but non-union was present on two, and 
both were accompanied by fibrous and smooth periosteal new bone. Non-union suggests 
lack of immobility during healing or may be associated with an obstruction such as 'a 
weapon, or soft tissue. Post-traumatic ossification was present in 13% of the sample, 
involving the lateral syndesmotic ligament associated with the fibula and tibia of 
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7.6 Weapon related Fractures 
Three skeletons from Llandough may have sustained weapon-related fractures. These 
were observed on the skulls of three males aged 20-40 years (Skeleton 103),. 30-40 
years (Skeleton 124) and adult (Skeleton 345). The fractures were present on the 
posterior aspect of the left frontal bone and anterior aspect of the left parietal bone, 
(Skeleton 345) and on the left anterior aspect of the parietal bone (Skeletons 124 and 
103) (Figure 7.59). The margins of two (Skeletons 345 and 103) were curvilinear 
indicating that they may have been caused by blunt force trauma. No radiating fractures 
were identified; although the skulls were in fragments, the edges, (with the exception of 
the main fracture), had a crumbly, rough appearance, suggesting post-mortem breaks. 
The main impact areas were missing but it is possible that they represent depressed 
pond fractures or depressed satellite fractures. The remaining fracture (Skeleton 124) 
was linear and had radiating fissure fractures running into the occipital, frontal and 
parietal bones. The linearity of the break and its well-defined clean edges suggest a 
sharp force injury, possibly that of a blade. All lesions were open but all displayed 
remodelling indicative of healing. Because the wounds were remodelled, the polished 
and flaked-up surfaces, which are also associated with blade injuries (Wakely, 1997), 
and bevelling which is associated with blunt force (Boylston, 2000), were not observed; 
not all of the criteria for identifying weapon injuries were therefore met. Although the 
diagnosis of these fractures is inconclusive they are treated as probable weapon-related 
fractures hereon. 
7.6.1 Weapon related fractures compared to other sites 
Weapon related trauma was also observed on specimens from the Saint Andrew's 
sample in the form of blade injuries and piercing injuries. Unlike Llandough, the 
macroscopic appearance of these lesions indicated that they were sustained around the 
time of death (i. e. they did not exhibit any macroscopic evidence for bony remodelling. ) 
These included 31 blade injuries and three piercing injuries involving 11 out of 27 adult 






































The frequency of element involvement and prevalence compared to Llandough is shown 
in Table 7.55. Weapon related trauma was not observed on any of the remains 
belonging to the other comparative samples. 
Saint Andrew's has a 3.9% higher frequency of skull wounds than Llandough. They 
were observed on 11.1% of all adult males, compared to 1.3% from Llandough. One of 
the Saint Andrew's skull wounds was present on its own and the other was 
accompanied by blade wounds involving the thoracic spine, ribs, pelvis and femur. 
In contrast to Llandough, a high frequency of blade and piercing injuries were observed 
on several post-cranial elements. The torso was involved more frequently than all other 
elements. 
While just one Liandough skeleton presented a weapon injury in addition to trauma 
affecting another element (Skeleton 103), this phenomenon was observed in six out of 
11 weapon injured Saint Andrew's skeletons. In the Saint Andrew's sample, multiple 
injuries predominantly affected the torso and femur (Table 30, Appendix 11). In five 
cases all lesions were peri-mortem wounds, and in one case (Skeleton 366) one ante- 
mortem rib fracture was observed in addition to multiple peri-mortem wounds. 
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Table 7.54. Skeletons with weapon injuries - Llandough and Saint Andrew's. 
Site Element No. No. Elements No. Individuals/No. in sample 
Elements with injuries 
in sample (%) Males Females Total 
Llandough Skull 614 3 3/233 0.00 3/773 
(0.5) (1.3) 0.4 
Saint Skull 69 3 3/27 0.00 3/50 
Andrew's (4.4) 11.1 (6.0) 
Mandible 69 1 1/27 0.00 1/50 
(1.5) (3.7) (2.0) 
TV 633 7 3/27 0.00 3/50 
1.1 11.1 (6.0) 
LV 295 4* 2/27 0.00. 2/50 
(7.4) (4.0) 
Ribs 1215 7 7/27 0.00 7/50 
(25.9) (14.0) 
Clavicle 130 1 1/27 0.00 1/50 
(3.7) (2.0) 
Scapula 127 1 1/27 0.00 1/50 
(3.7) (2.0) 
Humerus '145 2 2/27 0.00 2/50 
(7.4) (4.0) 
Radius 137 2 2/27 0.00 2/50 
(7.4) (4.0) 
Pelvis 123 3* 3/27 0.00 3/50 
11.1 (6.0) 
Femur 137 3* 3/27 0.00 3/50 
0 1.1 6.0 





The primary aim of this study was to evaluate socio-economic status in early medieval 
Wales by examining the skeletal sample from Llandough for a range of health 
indicators. In particular this involved; 
1. Exploring current methodological techniques 
2. Exploring whether differences existed in the health status of the population 
3. Examining biological variables against existing historical and archaeological 
evidence for socio-economic status. 
It was argued that health and status cannot be adequately explored using funerary 
evidence to identify linear ranked groups. This is because status is a multi-faceted 
concept in which there is a complex interaction between gender, age, culture, politics 
and other social structures. Therefore, in order to address these aims, multiple aspects of 
society and economy as they are reflected in historical sources and the archaeological 
record were considered. 
The indicators that were selected may be broadly categorised as those relating to 
palaeodemography, nutritional indicators, activity-related conditions, and trauma. It was 
hypothesised that a low status group would show evidence for inadequate nutrition, 
under achieved height, early mortality and increased infection, activity related 
conditions and trauma. Conversely, a high status group would show evidence for 
adequate nutrition, achieved height, longevity and low levels of infection, activity 
related conditions and trauma. The literature on the skeletal changes that arc related to 
these markers was reviewed and their limitations were discussed. Data were analysed 
along-side four other contemporary skeletal populations in order to provide a means of 
measuring status in the Llandough population. Table 8.1 presents a summary of the 
main findings of this study for each skeletal indicator. 
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Table 8.1 Summary of the main findings presented in Chapter Seven. 
SKELETAL GENERAL FINDINGS SEX TRENDS AGE TRENDS BURIAL LOCATION TRENDS COMPARATIVE SITE TRENDS 
INDICATOR 
Palaeodemography " Low infant mortality and high life " More males than females present. " Mortality peaks at 4-<6,8-<10, and " 
Lower proportion of infant deaths " Similar male to female ratio to all 
expectancy. 25-35 years and in maturity. and 
higher proportion of deaths in the sites except Cannington which has a 
" Not all mortality peaks correspond older age categories in phase I than higher ratio of females to males. 
with increased levels of morbidity. phase II. " Infant under-enumeration similar to 
Whithorn and Cannington, lower 
than Saint Andrew's. 
" Overall, fewer deaths among infants 
and most sub-adults and more 
surviving into older sge categories. 
" Generally higher life expectancy and 
survivorship and lower probability of 
death. 
Cribra Orbitalia " Frequency: 35.7%; Prevalence: " Significantly affected more females " Affected more sub-adults (50.5%) " Higher frequencies 
in phase II " Second lowest frequency after 
35.8% (35.7%) than males (24.1%). than adults (31.05%). compared to phase I, but not Atlantic Trading Estate. 
" No association between infection and " Infants had higher scoring lesions significant. " 
Differences only significant between 
cribra in combined adult and sub- than adults. Llandough and Cannington and 
adult samples. " Negative association between Llandough and Saint Andrew's. 
" Negative association between infection and cribra in sub-adults. 
infection and cribra in sub-adults. 
Porotic Ilyperostosis " Frequency: 5.7% " Affected more males (6.37%), than " Most frequent in the 2-<4,16-<18, " Significantly higher frequencies in " Lowest frequency after Atlantic 
" Most common on parietals and females (3.03%) but not significant. and perinatal age categories. phase II than phase I. Trading Estate. 
occipital. " 2-<4 age category had the most " Little difference between all sites 
severe lesions. when overall prevalence of cribra 
and/or porotic hyperostosis analysed. 
Enamel Ilypoplasia " Prevalence: 6.7% or 10.3% including " No significant difference in overall " More common in the 12-<14 and 10- " More common in phase II than phase " Similar frequency to other samples, 
skeletons with one tooth only frequencies. <12 age categories and least common I. but significantly lower than Atlantic 
affected. " Males had significantly more severe in the 14-<16 age categories. Trading Estate. 
" Lines more common than other defects than females. " Most severe defects among 10-<12 
types. " Most common at 18-<25 for females year-olds. 
and 60+ for males. " Most defects occurring at between 
approximately 3&5 years. 
Non-specific " Total Frequency 0.6%; prevalence " Males: higher frequency, more " Most frequent adult bones involved: " Affected more skeletons from phase " Significantly higher frequency than 
Infection 0.1%. fibrous lesions, only examples of tibia and fibula. II than phase I, but not significant. all samples except Whithorn. Higher 
" No facial lesions. long standing infection and " Most frequent sub-adult bones prevalence than all samples. 
" Lower appendage more commonly secondary infection, and most cases involved: skulls and orbits. 
affected than upper appendage. of multiple site involvement. " Lesions common at 0-<2 - 
" Most frequently affected element: Multiple lesions showed wide corresponds with mortality peak. 
tibia (6.4%). skeletal involvement - suggests more " Common endocranial lesion in adults 
" Most lesions were represented by serious conditions. - layered new bone. 
slight/moderate periostitis. " Females: lower frequency, lesions " Common endocranial lesion in sub- 
" Osteomyelitis or gross periostitis tended to affect older age groups and adults - capillary like impressions. 
laregly absent. to involve tibias suggesting minor " Systemic conditions among sub- focal inflammatory conditions. adults due to nutritional deficiencies 
" Diffuse lesions tended to involve the " 
Significant association between but in adults, infection more likely 
tibia and the femur. males with 
infection and activity cause. 
" Most multiple lesions involve the related conditions. " Sub-adult and male adult lesions 
lower limb bones. suggest chronic systemic conditions 
" Most multiple lesions were (have most fibrous lesions), but adult 
symmetrical. female lesions suggest minor 
" Most diffuse multiple lesions conditions. 
involved upper limb bones. " Multiple lesions more common 
" All secondary infection was present among older sub-adults and middle 
in association with trauma. adults. 
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Table 8.1 continued. 
SKELETAL GENERAL FINDINGS SEX TRENDS AGE TRENDS BURIAL LOCATION TRENDS COMPARATIVE SITE TRENDS 
INDICATOR 
Stature Greater variation among males than " No significant difference between o " Within the range calculated for other 
among females. phases sites. 
" Tendency for taller individuals to . Largest ranee of statures. a 
have more stress indicators " Highest variance after Saint , 
especially females. Andrew's. 
" Greater male stature variation also at 
Whithorn and Atlantic Trading 
Estate. Contrasts with Cannington 
and Saint Andrew's which show 
more female stature variation. 
Enthesophytes " Frequency: 12.4%; prevalence: " Significantly more frequent among " Increase in frequency with age. 
33.4%. males. 
" Most common on the attachment " Females show greater variation in 
sites of the calcaneum and patellae. sides and sites affected. 
" Tendency for minimal expression, 
aysmmetry and to involve isolated 
sites. 
" Marginally more common on the 
right. 
" Limited evidence for DISH and bone 
formers. 
Cortical defects " Frequency: 15.3%; prevalence: " More common among males. " Inversely correlated with age. " Site rank order (most frequent to 
35.4%. " Most common male sites: " Most common adult sites: least frequent): Saint Andrew's, 
" Age and sex were significant factors costoclavicular ligament and M costoclavicular ligament and M Cannington, Llandough, Atlantic 
in the distribution of defects. Pectoralis major. Pectoralis major. Trading Estate and Whithorn. 
" Most common female sites: " Most common sub-adult sites: " Saint Andrew's adults have a 
costoclavicular ligament and M costoclavicular ligament and M significantly higher frequency than 
Popliteus. Popliteus. Llandough adults. 
" Cannington females have a 
significantly higher frequency than 
Liandough females. 
Osteoarthritis " Prevalence: 29.7% " More prevalent among males. " 18.7% of skeletons with OA were " No significant difference in " Significantly more hand OA. 
" Most frequently affected sites " Males showed more multiple site <40 years of age and the most prevalence by phase. 
(starting with the most frequent): CV, involvement. frequently affected site among these 
hand, LV. was the hand. 
" Common patterns of multiple site " More frequent with increasing age. 
involvement: hand, spine & shoulder; 
hand, spine and elbow. 
Schmorl's nodes " Frequency: 14.2%; prevalence: " Significantly more prevalent among " Entire spine: more frequent at 18-<25 
24.3% males. and 25-<35. 
" Association with activity related " Males more likely to have Schmorl's " Each separate spine: TV involvement 
conditions but not nutrition related nodes if other activity related more frequent at 18-<25 and >35-45 
conditions. conditions present. years. 
Fractures " Frequency: 0.2%; prevalence: 11.0% " Significantly affected more males. " No significant difference in " higher frequency than Cannington 
" Clavicle and ulna most frequently " Most frequently fractured female frequencies (by element and by and Whithorn. 
fractured elements. bone: ulna. individual) between phases. " Lower frequency than Saint 
" Upper appendage involved more than " Most frequently fractured male bone: " Greater involvement of the entire Andrew's and Atlantic Trading 
lower appendage. ribs. skeleton in phase II than phase I. Estate. 
" Most common pattern and location: " Males had more multiple fractures. " Only Llandough and Saint Andrew's 
oblique, distal. had involvement of the lower 
" Multiple fractures most common in appendage. 
upper appendage (especially radius " Greater range of elements involved 
and ulna). in the Llandough sample. 
" Healing: generally well aligned, well 
healed, and few secondary 
conditions. 
" Little evidence for violence. 
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This chapter will discuss possible interpretations of these findings in light of the 
archaeological and historical background to socio-economic status in early Medieval 
Wales (Section 1.6.3; Appendix Two) and present understanding of skeletal health and 
status (Chapters Three to Six). 
8.2 Palacodemography 
It was expected that if the population had experienced a poor standard of living, this 
would be reflected in increased deaths among sub-adults, especially in infancy, and a 
short life expectancy. These trends would also be associated with increased levels of 
morbidity. Closer analysis of the curves and comparison with those of other samples 
might also indicate differences in sex ratios and differences in the mortality experiences 
of males and females both chronologically and within the entire sample. 
8.2.1 Spatial Organisation of the Cemetery 
The distribution of males, females and children is generally mixed although there is a 
higher proportion of males to females and children in the earlier phase and a more even 
distribution in the later phase. This would support the hypothesis that the earlier phase 
represents a monastic community burial ground for monks, their wives and children, 
and the later phase represents an expanded cemetery that became a communal burial 
ground around the 8th century (see Section 1.6.4). 
No evidence for segregation by age or sex was identified in the spatial distribution of 
the burials. Neither did analysis indicate the segregation of any high status individuals 
such as by association with a particular area in relation to the church (e. g. burial at the 
east-end). It is possible that this evidence has been missed because of the presumed 
location of the early medieval church and churchyard under the present day one. 
Excavation also did not cover the entire area surrounding the present day church. 
The clustering of infant burials in the northern part of the cemetery may indicate that 
this area in particular was reserved for individuals of this age. These are a distinct self- 
contained group, centrally located and surrounded by adult burials. In a preliminary 
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discussion of the cemetery, Nenk et al. (1994) ascribed this group to `... a special cause 
or event' (1994: 288), and these findings support this interpretation. It is possible that 
these individuals were once buried within a structure or area that was marked out by a 
boundary, possibly something resembling the timber structures that have been found in 
other early Welsh cemeteries and which, it is suggested, stood over `special graves' (H. 
James, 1992). Although there is no evidence that these structures existed at Llandough, 
it is possible that, given their temporary nature, they did not survive. 
It is possible that individuals were buried in family or kindred group plots: there is a 
tendency for some burials to show arrangement in rows (especially to the west) and 
because there are groups showing mixed ages and sexes. This would not be surprising 
given the emphasis that is placed on the nuclear and kindred family group in the 
historical sources (see Section 1.6.3; Appendix Two, Section 8). This interpretation has 
also been suggested for the Romano-British burials at Poundbury where a similar 
pattern was observed (Molleson, 1989b). No detailed examination of the distribution of 
skeletal indicators that are known to be congenital, or discontinuous traits that have a 
genetic component was undertaken for this study, although preliminary analysis 
indicated no obvious clustering of burials that shared these. 
8.2.2 Sub-Adult Mortality Patterns 
The sub-adults at Llandough comprise: 6 foetuses, 13 neonates 46 infants and 133 older 
children. The adult to sub-adult ratio (Section 7.1.2) indicates that there are fewer sub- 
adults in the Llandough sample compared to Whithorn, Cannington and Saint 
Andrew's. Tests (Section 7.1.4.4) indicate that infant under-enumeration was similar to 
these samples which implies a lower mortality rate among older children at Llandough. 
This may be related to many factors including a better health status, preservation, or 
burial practices (see Section 8.2.2.2). 
8.2.2.1 Foetal, neonatal, and post-natal deaths 
Poor preservation of the Llandough material meant that the analysis of foetal, neonatal 
and post-natal deaths was limited. For example, it was not possible to say whether the 
foetuses represent post partuni deaths (e. g. live or still births that were premature or 
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full-term), or deaths that occurred in utero because the mother and foetus died during 
pregnancy or labour. Similarly, it has not been possible to determine which of the 
perinates died during birth, nor the number that survived for a few days, possibly weeks. 
Thus, perinates identified in this sample could represent infants dying in the perinatal 
(37 weeks to 7 days after birth), neonatal (birth to the end of the first month), or post- 
neonatal (one month and less than 1 year) periods. 
It may be tentatively suggested that the lower proportion of foetal and perinatal deaths 
to deaths between 0 -<2 years indicates that environmental factors that specifically 
affected the child (e. g. nutrition and infections) accounted for most infant deaths 
(Saunders, 1992). This is also reflected in the Saint Andrew's assemblage. The reverse 
is reflected in the data for Cannington and Whithorn, suggesting a tendency for factors 
such as the mother's health and nutritional status, conditions of the birth, hereditary 
conditions, and possibly even congenital abnormalities and under-development, to have 
posed more of a threat to infant mortality in these populations (Arcini, 1999; Saunders, 
1992). However, it is equally possible that these trends reflect a cultural bias towards 
the exclusion of foetuses and perinates from burial at Llandough and Saint Andrew's 
and of 0-<2 year-olds at Cannington and Whithom. Cultural bias may relate to 
differences in the ages and circumstances under which infants were baptised, social 
attitudes towards the burial of infants, and the status of the parents (health, marital, 
religion, etc. ) (see following section). 
8.2.2.2 The under-representation of infants 
Tests carried out in the preceeding chapter (Section 7.1.4) indicate that infants are 
under-represented in the entire sample and both phases. From the sixth century, un- 
baptised infants were excluded from burial in consecrated ground (Daniell, 1997) and 
to ensure their inclusion, it was common to baptise sickly children (Crawford, 1993). 
Therefore, the infants in the Llandough sample could represent this latter group. It is 
difficult to support this with pathological evidence because, at present, infants have to 
be excluded from analyses of inflammatory change (Section 3.7.5.2). Given that there 
are not many in this group, this may indicate a good health status for infants; if a zero 
growth rate for the population can be assumed, then this interpretation would be 
strengthened because high infant deaths would reflect morbidity and not mortality 
(Section 3.2). 
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By the 12`h century, baptism became compulsory for all new-borns (Alexandre-Bidon, 
1999) and the late cluster of infants in the north (Thomas and Holbrook, 1994; Section 
1.6.1) may reflect this trend, or they may reflect the changing status of the church 
which, with its enclosed cemeteries, adoption of communal burial and mother churches, 
is increasingly associated with a pastoral function from about the 8`" century (Knight, 
1999; Petts, 2002; Pryce, 1992b). Alternatively, they may reflect the continued use of 
Christian burial grounds that had fallen out of use for unwanted infants, for example, 
un-baptised and illegitimate infants (James, 1987). Manwaring (2002) suggests that this 
was regarded as the best alternative to inclusion in a consecrated burial ground through 
baptism, and it may even have been associated with the belief that this would offer 
protection against feared infant ghosts. 
Christian practices need not, however, have been the sole factor influencing under- 
enumeration. For example, it has been suggested that the practise of burying babies 
beneath doorsteps was adopted in the Romano-British period because of the belief that 
they would bring good luck to the inhabitants (Scheuer and Black 2000: 15). Infanticide 
may have resulted in the disposal of infants in sewers, ditches, or abandonment outside 
the settlement (Mays, 1993; Smith and Kahila, 1992). Driven by a belief in 
`changelings', mothers may also have abandoned their infants temporarily and this 
would have resulted in deaths and, by proxy, infanticide (Mays, 2000b: 185). Philpott 
(1991) argues that during the Roman period, infants below the age of about 18 months 
were given burials that were often causal and separate from Christian cemeteries 
because they were not considered full members of society. On the other hand, historical 
sources indicate that, for Wales at least, infants were valued members of society and 
therefore did not necessarily have a lesser status (Manwaring, 2002). There may have 
been separate child cemeteries in Wales as in Ireland (Dennehy, 2001). For example, 
there may have been one at Capel Eithin, Gwynedd (Manwaring, 2002). 
Scheuer and Black (2000) suggest that economic factors may have influenced infant 
under-representation in some populations. They point out that modes of burial that were 
common during a particular period (burial in a lead coffin, for example) could be an 
expensive ordeal for families who had lost several children in infancy. Therefore, 
unconventional modes may have been used instead. This may imply that that some of 
the infants that have made it into the burial record at Llandough were from advantaged 
backgrounds because their families could afford this mode of burial. 
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Other factors besides burial practice that could have influenced under-enumeration may 
relate to fertility; if it is assumed that levels of infant mortality reflect fertility and not 
mortality, it could be argued that the fertility rate was low at Llandough, especially 
during phase I. Arcini (1999: 63) suggests that a low fertility rate in medieval Lund may 
be explained by the fact that `many young people moved [into Lund] in the pioneering 
phase, and it took sometime before they established families' and this may also be true 
for Llandough. Grauer (1991) suggested that a low fertility rate in the medieval St 
Helen on the Walls population was caused by females migrating into York and starting 
families late. However, there is no suggestion that females migrated into Llandough, 
although there is some indication that males did (see Sections 8.2.3 and 8.3.4) and 
perhaps this had an impact on fertility in a similar way. 
If there was a low fertility rate at Llandough, little support for this can be found in the 
historical sources. These suggest that families included two, three, or four sons, and the 
fact that the community was monastic made little difference; celibacy among clerics 
was not a condition of their vocation until later in the medieval period (Davies, 1982). 
`Family' churches such as Llanbadam Fawr and Llancarfan in which relatives of clerics 
inherited monastic property and their office (see Appendix Two; ibid. 157) are 
characteristic of the early church at this time. Therefore, family life was a central factor 
of the socio-economic status of these communities. 
As stated, (Section 6.2.1) the entire assemblage was very fragmented and it is entirely 
possible that the small pieces of fragmented infants were overlooked during excavation. 
The main area where child burials were found was the most heavily used part of the 
cemetery and, therefore, the disturbance of earlier graves by more recent ones could 
have resulted in their loss and destruction. In addition, the cemetery was excavated 
under rescue conditions with inadequate time and resources available for meticulous 
recovery. However, although these factors probably have contributed to under- 
representation, the fact that older children that also have small, fragile bones are not 
under-represented suggests that this contribution was not that great. Infant burials in the 
north of the cemetery were also found close to the modern day surface suggesting that 
modern disturbance (see Section 1.6.1) has not significantly affected their survival. 
While the extent to which the limit of excavation has missed infant burials is impossible 
to gauge, it is unlikely that infants were missed because they were buried around the 
outer edges of the cemetery. None were found around the edges of the excavation area, 
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at least, not the north, east and west, where the extent of the cemetery is thought to be 
close by (see Section 1.6.1). Excavation to the south was limited but no infants are 
reported to have been found here (Owen-John, 1988). 
8.2.3 Peaks in the Mortality Curve 
Besides a mortality peak among 0-<2 year-olds, other notable peaks in the mortality 
curve are at the ages 4-<6,8-<10,25-35 years and in maturity. Any discussion of these 
peaks must first consider the fact that these may not reflect reality because of systematic 
bias in age determination, especially of adults. Age determination presented 
considerable problems in the present sample because the degree of fragmentation 
hindered the application of multiple ageing techniques and meant that dental attrition 
had to be relied on the most. This is a far from ideal ageing technique (Cox, 2000). In 
particular, the technique assumes that rates of wear are uniform across social classes and 
occur at a constant rate through life (Whittaker, 2000). To employ attrition rates to 
establish mortality curves as a means of investigating status creates a somewhat circular 
argument; it could be the status of the individual that is influencing the rate of attrition 
as well as the number of years that they have lived. 
Of all the adult age categories, skeletons were more reliably assigned to the 25-35 year 
age bracket because epiphyses could also be examined (see Section 6.3.3). Therefore, it 
could be argued that, of all the adults, it is less likely that these individuals are under- or 
over- aged. However, the application of Bayesian statistics to age assessment has 
recently indicated that mortality profiles constructed using conventional methods such 
as these are skewed because biological age is incompatible with chronological age 
(Gowland and Chamberlain, 2003). This may suggest that all the mortality peaks in the 
Llandough sample are exaggerated. However, this does not necessarily mean that such 
peaks are not real and it may be argued that the degree to which a population's curve is 
skewed compared to others will reflect differences in the mortality experience 
regardless. Therefore, although systematic bias in age determination may exist, 
differences between the 4-<6,8-<10 and 25-35 year and maturity peaks for Llandough 
and comparative samples would suggest cultural and social factors have played some 
part in these. 
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This may be explored further by considering levels of morbidity in the age groups. In 
the 4-<6 year age category, morbidity levels indicate that relatively minor conditions 
were experienced and that this group may have had weak constitutions and poor health 
leading up to the 4-<6 age bracket; infection levels are generally low and, when present, 
lesions tend to be slight, isolated, and have a non-fibrous appearance, but levels of 
enamel hypoplasia (indicative of a history of stress), show a slight peak. Childhood 
illnesses (e. g. measles) are common at this age and may, in particular, have affected 
these weaker individuals. 
This peak is not only also present in the comparative samples but has been observed in 
other medieval samples of diverse backgrounds (e. g. Lewis, 2002). Therefore, whatever 
is causing it does not discriminate against differences in status, economy and 
environment. This could mean that environmental stress increases at this age, or that the 
stress is no greater, but the individuals are more susceptible to stress between these 
ages. Sending the older children in this age category to work as apprentices may have 
contributed to this (Lewis, 2002). Whatever the explanation, this trend implies that this 
age group, in all populations, experienced increased health stress and this resulted in 
higher deaths, especially among those of a weaker constitution. 
In the 8-<10 year age category an increase in the number of deaths is accompanied by 
an increase in the prevalence of periostitis, in fact the highest for all children. Most 
periosteal lesions in this group were isolated, had a fibrous appearance and occurred 
post-cranially. Unlike the 4-<6 age category, frequencies for enamel hypoplasia do not 
show any noteworthy peak, suggesting that these individuals had healthy constitutions. 
If this was the case, it may imply that this group experienced more deaths because of a 
change in lifestyle that exposed them to higher levels of infection and activity. Again, 
apprenticeship may have been the vehicle for this (Lewis, 2002). It is interesting to note 
that the same trend is seen at Cannington, but at Saint Andrew's the opposite happens, 
i. e. deaths seem to fall for this age group. 
In phase I mortality remains high into the 10-12 year age category, whereas in phase II 
mortality falls quite dramatically. It is interesting to observe that all skeletons aged 10- 
12 years with periostitis had fibrous lesions. This may suggest that although deaths 
started to peak at 8-10 years the stress that was causing this was greater in phase I than 
phase II because mortality remains relatively high into the next age bracket. 
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The mortality peak at 25-35 years and corresponding decrease in life expectancy is 
marked for all comparative samples, but it is more marked for Llandough. Interestingly, 
the prevalence of pathological conditions in this age group does not particularly stand 
out. In fact, if anything, all indicators (infection, enamel hypoplasia, cribra orbitalia, and 
cortical defects) show a decline in relation to previous and subsequent age categories 
suggesting that these individuals did not suffer from chronic conditions, or have 
histories of biological stress, but were of a healthy constitution. Other factors must 
therefore be considered. 
A catastrophic event may result in such a peak. This may be applicable to Llandough 
because low infant deaths and high deaths in young adulthood are two of the patterns 
that Margerison et al. (2002) suggest are characteristic of this. Catastrophic events that 
might cause sudden death in a population include war, massacre and plague. 
War may be identified in skeletal remains by a high mortality among young males 
(Boylston et al., 2000) and high frequencies of trauma, especially peri-mortem trauma 
(Ostendorf Smith, 1997). Given the historical context of this site, war would not be an 
unreasonable explanation for the peak in male deaths between 25 and 35 years. If this 
was the case, this would suggest that the Viking raids had more impact on the 
population than has previously been suggested by Pryce (1992a; Section 1.6.3). It is 
interesting to note that fractures are most prevalent among individuals in this age 
category. Although it is impossible to determine when fractures in archaeological bone 
occurred, this does suggest that, by age 25-35 years, most of the fractures that were 
observed in this population had been sustained. However, all fractures were healed and 
there was no evidence for peri-mortem trauma. Therefore, war is, as a possible 
catastrophic event, not supported by the present data. 
Nenk et al. (1994: 288) have proposed that `.... possibly plague' may have caused the 
deaths among the cluster of infants in the northern part of the cemetery. This disease 
causes sudden death and will not show in skeletal remains. Therefore, it is possible that 
this also led to an increase in deaths at 25-35 years. If it is believed that documentary 
evidence refers to bubonic plague in Wales in the 7tß' century (Maddicott, 1997) this 
could explain why a lower frequency of pathological markers was observed in this 
group. However, this does not explain why patterns that might be indicative of bubonic 
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plague are present in the later phase of the cemetery's use, although this does not rule 
out the possibility that an acute disease of epidemic proportions occurred. Perhaps 
famine, which literary sources indicate occurred in the 1O century, could explain this 
trend. Famine tends to affect the most vulnerable members of a community; the oldest 
and the youngest (Margerison, 1997). However, this is difficult to prove with the 
present data because of problems with ageing techniques and the under-enumeration of 
infants. 
Besides catastrophes, it is very likely that an increase in deaths among females between 
25-35 was influenced by obstetric casualties; late marriage (about 25 for females and 
late 20s for males) was a key aspect of the nuclear family (Cunningham, 1995). This 
does not, however, explain why there are also more deaths among males in this age 
group, and why male mortality remains high into the next age category. 
Perhaps an answer is to be found by considering the stability of the population. 
Archaeological evidence would suggest that Llandough represents a relatively stable 
population: 
1. The population spans approximately 800 years which is longer than most skeletal 
samples and means that a zero growth rate can be assumed, according to the theory 
proposed by Weiss and Smouse (1976). 
2. It is estimated that there was no significant migration from Llandough and 
reciprocal migration was minimal (see Appendix Two, Section Seven). 
3. The nearby settlement at Dinas Powys was small and would not have significantly 
contributed to population instability. 
4. The size of the excavated sample and the historical and archaeological records 
indicate that the settlement associated with Llandough comprised approximately 40 
individuals in each generation (see Appendix Two). If this is correct, it would 
indicate that the population was relatively stable. This is beacuse the excavated 
sample is similar to a calculated figure based on settlement size and the continued 
occupation of the settlement over 800 years. 
5. It is unlikely that population stability was affected by stochastic fluctuations; 
evidence suggests that the cemetery established itself within an existing community 
and the population is not known to have been systematically disrupted in its recent 
history. 
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Factors that may have caused some instability are likely to be the changing use of the 
cemetery and the declining role of the cemetery (see Section 1.6.1). Historical 
references to the saints and missionaries (Aston, 1993; Davies, 1982) and Llandough's 
association with a Saint Docco who had connections in Cornwall also suggest some 
level of in/out migration (Appendix Two, Section 7.1). However, in-migration probably 
had greater impact on the population; place names attest to Viking settlement (Davies, 
1982) and the proximity of sites such as Llandough to major Roman roads and the coast 
makes these places likely destinations for newcomers. Of particular significance to 
Llandough is the suggestion that there were travelling Irish craftsmen at Dinas Powys 
(Alcock, 1987). 
Immigrants into the population may have largely comprised individuals in their 20s and 
30s. Integration with the local population is suggested (Davies, 1982; Pryce, 1992a) and 
perhaps certain occupations that brought together individuals of a similar age, 
(immigrants and locals), meant that this age group was particularly susceptible to 
exposure to new pathogens and `stressors'. Although evidence for disease and stress is 
lacking in this age group, this may represent individuals with weaker constitutions who 
did not survive to develop lesions. Those who did may have been predisposed to 
develop lesions at a later age. Although no settlement has been suggested, trade 
connections with the Mediterranean indicate that there was contact with foreigners on 
some level and this may also have added to the disease burden. 
Individuals in their 20s and 30s may also represent the most mobile sector of the 
population who moved between Llandough and neighbouring towns such as Caerwent. 
This may have also exposed them to new pathogens and `stressors', leading to earlier 
deaths. Transhumance may also have been practised and this may have taken people 
into inhospitable environments, increasing their risk of dying as a result of accidents or 
exposure to extreme weather conditions (e. g. hypothermia). However, historical and 
archaeological evidence indicates that if this occurred it was on a small scale because 
economy was very localised. Mortality patterns would seem to confirm this because the 
pattern described by Littleton (1998) for a population affected by out-migration is not 
reflected (see Section 3.6.1.2), assuming of course that this has not been obscured by 
infant under-enumeration and problems with adult ageing. 
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Overall, there are fewer females than males, and there is greater variation in statures 
(see below) and higher levels of non-specific infection among males. This suggests that 
it was males and not females who were migrating into this population and being 
exposed to a greater burden of disease. 
It is difficult to interpret the mortality peak in maturity because there is, at present, no 
way of determining how many of those aged 45+ lived much beyond this age. The 
proportion of skeletons aged 60+ may suggest that this was not many. However, it is 
more likely that this reflects an ageing bias; few skeletons could be aged using the pubic 
symphysis because its survival rate was very low. The higher proportion of males aged 
45+ is very interesting. It may suggest that males were out-living females, possibly 
because more care was invested in their longevity (see next section). 
8.2.4 Sex Ratios 
The distribution of male and female burials reveals no distinct pattern. A possible 
cluster of males was indicated near the cemetery wall to the south, an area that is 
potentially `monastic'. However, this could just be chance survival than any real burial 
trend. It is unlikely that patterns have been biased by inaccurately assigned sexes; most 
estimations were based on several indicators and previous work has demonstrated good 
agreement between known sex and sex estimated from several biological features 
(Molleson and Cox, 1993) 
The sex ratio at Llandough indicates a higher number of males compared to females. 
The comparative samples also reflect a similar pattern, although it is interesting that 
compared to Llandough, Whithorn has a higher proportion of males to females, 
Cannington has a higher proportion of females to males, and Saint Andrew's has the 
same proportions. This may have been due to different migration patterns between 
populations, reflecting differences in the socio-economic structure of the populations in 
which in- and/or out-migration involving males and/or females was closely related. For 
example, a higher ratio of females at Cannington may be because males were migrating 
out of the community, or that females were migrating into the community because of 
availability of work. 
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A low ratio of females to males is characteristic of Romano-British populations and this 
may be the result of selective infanticide (Watts, 2001). Cunningham (1995: 20,108) 
argues that that this `mode of child rearing was dominant in the period up to the fourth 
century AD', and it may have been driven by the fact that economic value was invested 
in gender. It is estimated that during the third century, between 20% and 40% of all 
new-borns were abandoned (ibid). This does not mean that they necessarily died; many 
may have been picked up and raised by strangers - possibly to be sold into slavery - or 
became the children of women who were unable to conceive (ibid). 
Molleson (1989b) tells us that girls were out numbered by boys at Poundbury and 
suggests that this may have been because less attention was given to their health and 
overall well-being, thereby predisposing them to childhood deaths. This is characteristic 
of agrarian populations who placed great emphasis on males who were regarded as the 
`bread-winners' (ibid: 36-37). In this context it is interesting to note that early medieval 
Wales was a patrilineal society in which women were identified through males; 
perceptions of female status are alluded to in inscriptions which suggest that it was 
common to refer to women indirectly through their father or husband (Arnold and 
Davies, 2000). Therefore, more females may have been present in the Llandough 
mortuary record but just unidentified because of the difficulties associated with sexing 
children. This could mean that those females that survived into adulthood had strong 
constitutions, or were not exposed to this treatment because they were of a higher status. 
This may explain why adult females tended to have lower levels of disease (for 
example, less evidence for systemic infections, and less trauma) compared to adult 
males. 
8.2.5 Palaeodemography at Llandough: What does it tell us? 
Compared to other samples Llandough tended to show higher life expectancy and 
survivorship and lower probability of death. The same pattern was observed for phase I, 
compared to phase II. It is tempting to treat these trends as an indication that living 
conditions were more favourable in phase I than phase II and at Llandough than other 
sites. Support for this interpretation may be suggested; if Weiss (1973: 46-47) is correct, 
testing for bias by analysing probability of death at birth, 10 years and 15 years 
indicates (see Section 7.1.4.3) that Llandough is the least likely to be biased in this way. 
However, the present data cannot entirely support this interpretation. Other aspects of 
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the Llandough mortality profile do not match patterns observed in unbiased 
archaeological populations (see Section 7.1.4.1). Analysing the profile more closely 
against the historical and archaeological record suggests that, in addition to population 
instability and bias caused by excavation, recovery and preservation, there were several 
socio-economic processes responsible. These relate to the combined effects of 
migration, treatment of infants in death, a change in status for children around 4-<6 
years and 8-<10 years, and attitudes towards girls. Differences in life expectancy, 
survivorship and probability of death between both periods may also have been affected 
by the changing status of the cemetery over time from monastic to communal. 
8.3 Skeletal Markers of Nutritional Status 
8.3.1 Metabolic Conditions 
8.3.1.1 Scurvy and Rickets 
No conclusive examples for these conditions were observed in the population. This 
could indicate two things: 
1. Nutrition was adequate and therefore these conditions were not experienced in the 
population. 
2. These conditions were present but, for whatever reason, be it preservation, limited 
knowledge about the manifestation of skeletal changes related to these conditions, 
or the variability in expression of diseases in skeletal remains, they were not 
identified. 
8.3.1.2 Cribra Orbitalia and Porotic Ilyperostosis 
8.3.1.2.1 Aetiological factors 
It was previously stated (Section 3.5.1) that the acquired form of iron deficiency 
anaemia is believed to be the most likely cause of cribra orbitalia and porotic 
hyperostosis in British skeletal populations. Therefore, it is reasonable to assume that 
this condition is responsible for the lesions observed in the Llandough population. It is 
346 
unlikely that this was due to lead poisoning since evidence suggests that lead working 
was in decline by the early medieval period (see Appendix Two, Section 5.2). If lead 
working was significantly contributing to the frequency of lesions at Llandough, it 
might be expected that this would have been higher during the earliest phase when there 
may have been more mining and smelting activity, than later on (phase II), but this is 
not indicated. 
Other factors, such as infection, may be more likely. For example, conditions such as 
malaria may have existed; references in historical sources to bogs and marshes (Davies, 
1982), as well as the fact that cleared woodland would have been liable to become 
boggy (P. Dark, 2000), suggest that good breeding ground for this pathogen existed in 
Wales. However, the association between porotic lesions and malaria is uncertain and 
requires qualifying through DNA analysis (Brown, 2000). Further, the present study 
found no association between skeletons with cribra orbitalia and infection. This may 
suggest that, in this population at least, cribra orbitalia was not the result of increased 
pathogen loads. 
This could mean: 
1. there was infection but it did not show in the bones, 
2. the periostitis and osteomyelitis that was observed was related to other conditions 
besides infection, 
3. there really is a negative association between cribra and infection in the sample and 
other aetiological factors were responsible for the condition. 
Comparison between the distribution of cribra orbitalia and/or porotic hyperostosis, and 
non-specific infection reveals no obvious association between frequencies, except in the 
0-<2 year age category. However, it is interesting that higher levels of cribra correspond 
with higher levels of inflammatory changes occurring in the orbits and on the 
endocranium. Differential diagnoses (see Section 7.2.5.11) have indicated that other 
factors besides infection may have been responsible for these (see below), and it is 
possible that not all these changes were related to infection. 
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8.3.1.2.2 Distribution of cribra orbitalia and porotic hyperostosis 
Higher frequencies were observed in phase II, but only frequencies for porotic 
hyperostosis were statistically significant. This may indicate that individuals in phase II 
experienced more severe forms of anaemia (if vault lesions are considered to reflect 
this). High levels of anaemia tended to be associated with flatter mortality curves, or 
even a decline in mortality, suggesting that in this population individuals with anaemia 
were not predisposed to death and, possibly, the condition was of no great consequence 
to their overall health status. It may suggest that living conditions for the population 
were such that they were able maintain a healthy tolerance. 
It is not surprising that there were fewer vault lesions compared to orbital lesions given 
the observed tendency for the former to be uncommon in European populations (Larsen, 
1997). Males had a higher frequency of vault lesions, a trend that was also identified by 
Stuart-Macadam in the Poundbury sample (1991). This may indicate that males (or boys 
if this reflects a childhood experience) experienced more severe forms of anaemia than 
females, if vault lesions are taken to indicate this. It may indicate that, purely for 
physiological reasons, lesions tended to affect the vault in males more than in females. 
Llandough and Atlantic Trading Estate had some of the lowest orbit and vault 
frequencies and prevalence rates compared to the other sites examined in this study. In 
particular, there is a clear Welsh/English divide between overall prevalence rates for 
cribra orbitalia. However, if the figures for overall prevalence of orbit and/or vault 
lesions are compared, this trend is not reflected. Instead, Llandough has a similar 
prevalence to Cannington and Saint Andrew's, and Atlantic Trading Estate and 
Whithorn stand apart with the lowest and highest prevalence respectively. This may 
suggest that all populations experienced similar levels of anaemia or, because 
differences in the frequencies of porotic hyperostosis are similar, this may be masking 
differences when porotic hyperostosis prevalence is combined with the cribra orbitalia 
prevalence. The latter explanation is probably the most likely because Porotic 
hyperostosis is uncommon in European samples and, therefore, when it does occur, any 
differences between populations from this part of the world may be relatively small. 
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This is important because it underlines the point that in order to explore anaemia in 
archaeological populations adequately, it is essential that orbit and vault lesions are 
analysed separately. Otherwise, very different conclusions may be drawn. 
8.3.1.2.3 Overall findings 
Overall, the general impression gained from analysing cribra orbitalia and porotic 
hyperostosis is that the Llandough population experienced relatively mild forms of 
anaemia that were of no great consequence to their overall health. Higher frequencies in 
the population show a tendency to be associated with nutrition related conditions, or 
conditions for which infection is not the preferred diagnosis and, therefore, it might be 
argued that while not the sole cause, these were contributing to increased levels of 
anaemia in the population. However, differences between males, females, phases and 
sites, varied depending on whether vault lesions, orbital lesions or both were being 
observed. This suggests great variation in aetiology of the lesions and indicates that 
some of these are largely the result of differences in physiology. However, it is possible 
that more severe levels of anaemia were experienced among males, in phase II, and at 
all comparative sites. 
8.3.2 Enamel IIypoplasia 
8.3.2.1 Aetiology 
Peaks in the prevalence of enamel hypoplasia among infants and young children may be 
associated with weaning practices (Rose et al. 1985; Moggi-Cccchi and Pacciani, 1994). 
Assuming that this is the case, the pattern observed in the Llandough material would 
suggest a late weaning age; defects were most common on the cervico-middle region of 
the canine and first premolar, indicating episodes of physiologic disturbance between 
approximately 3 and 5 years. Medieval documentary sources relating to the post-1500s 
suggest that late weaning was a favoured practice in some western societies because it 
served as a form of contraception and, in addition to late marriage, kept the nuclear 
family at a manageable size (Cunningham, 1995). 
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Despite this, weaning is extremely difficult to support based on defect prevalence alone 
(see Section 3.9.1). Three to five year-olds in the Llandough sample also show evidence 
for cribra orbitalia, porotic hyperostosis, infection and possible scurvy. In addition to 
the fact that childhood illnesses such as measles are also common between these ages, 
this suggests that there were other factors, besides weaning, that were contributing to 
the occurrence of enamel hypoplasia. Increased levels of enamel hypoplasia at the ages 
4-<6,10-<12 and 12-<14 years may represent increased health risks at these ages which 
discriminated against these individuals because they were closer to the critical threshold 
described by Dobney and Goodman (1991). These increased risks may have been the 
result of accidents, acute illness, or cultural practices such as early apprenticeship as 
discussed above. 
Malnutrition is significantly associated with enamel hypoplasia and may be indicated by 
a positive association between the condition and infection (see Section 3.9). The present 
findings suggest a tendency for increased mortality among individuals with defects to 
coincide with a decrease in levels of non-specific infection. This is most marked in the 
12-<14 year age group, which has the highest prevalence of enamel hypoplasia but 
which has no non-specific infection at all. This could suggest that: 
1. There is no correlation between nutrition and enamel hypoplasia, 
2. Infection was present in these groups but it was not manifested in their skeletons, or 
3. Any association is masked because this analysis is based on the prevalence of 
infection at death rather than prevalence of infection around the time that the growth 
arrest occurred. 
This latter explanation is thought to be unlikely because infection does not show any 
peak in the age brackets that have been implicated as the time that most defects 
occurred. 
At Llandough, increased levels of enamel hypoplasia are accompanied by increased 
levels of other nutrition related conditions suggesting that this relationship did exist. In 
fact, the 12-<14. age group has some of the highest levels of cribra orbitalia in the entire 
sample. It is possible that an increase in enamel hypoplasia does not correspond with 
increased infection in this population because: 
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1. If enamel hypoplasia is taken to represent recovery it is perhaps reasonable to 
suggest that these individuals experienced mild levels of stress that did not 
compromise the balance between infection and nutrition. Although no longer 
stressed, they had died sudden deaths as the result of trauma or acute illnesses. This 
would be supported by the fact that most defects in the sample were mild. 
2. These individuals continued to be stressed and, therefore, did not necessarily exhibit 
evidence for infection because they did not recover from chronic conditions. 
It must also be considered that defect distribution and expression has been influenced by 
variation in tooth enamel thickness and differences in susceptibility. In particular, the 
patterns identified in please I and II could be reflecting genetic differences between 
populations (i. e. the population in phase II was more prone to enamel hypoplasia not 
because of living conditions but because of an inherited enamel weakness). Studies have 
indicated that people from different ethnic backgrounds will show contrasting defect 
frequencies (Dobney and Goodman, 1991). However, these also indicate that the ethnic 
groups with the highest frequencies also tend to be of low socio-economic status, 
indicating an intricate relationship between the two variables (ibid). 
8.3.2.2 Distribution patterns 
Theoretically, plotting the distribution of the proportion of skeletons that died with 
enamel hypoplasia against those dying without will indicate groups that were more 
stressed than others (Palubeckaite et al. 2002). The results presented here suggest that 
this applies to the age categories 4-<6,10-<12 and, in particular, 12-<14 years where 
approximately half of the deaths are associated with defects. Overall, defects are 
associated with more deaths in childhood. This peaks at 12-<14 years and declines into 
adulthood suggesting that skeletons with enamel hypoplasia were predisposed to earlier 
deaths. These patterns may be biased because dentitions that only had one tooth 
available were not excluded from the original study sample, and prevalence of enamel 
hypoplasia has been calculated based on defects occurring on any tooth (Section 
6.3.8.5). This, however, is not thought to have been great (see Section 7.2.3.1). 
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If enamel hypoplasia represents decreased ability to cope with stress, all three 
hypotheses that have been proposed by Goodman and Armelagos (1988, see Section 
3.9.3) to explain this pattern could apply here. Assuming that phase I represents a high 
status group, May's suggestion that a weaker constitution is unlikely (1998; see this 
section) does not hold because, unlike Mays' findings, a positive association with 
enamel hypoplasia is indicated here. 
Overall, levels of enamel hypoplasia are not that high and this implies intermittent 
periods of poor health rather than chronic physiological disturbance. Those dying with 
enamel hypoplasia at early ages possibly represent the most vulnerable individuals of 
the population. Those dying with enamel hypoplasia in adulthood represent those who 
experienced the same exposure to stress, but developed a good immune response to 
subsequent episodes, perhaps because they received better nutrition and had better 
living conditions. Most individuals with enamel hypoplasia in phase I lived into 
adulthood and, therefore, individuals in this phase possibly experienced more 
favourable conditions that enabled them to develop a good immune response to stress 
experienced subsequently. Alternatively, this may indicate that episodes in this phase 
were more mild than in phase II and therefore did not predispose individuals to earlier 
deaths. This last point is supported by the fact that the highest scoring defects were 
identified in phase II. 
Whichever is correct these patterns may be attributed to status differences; 
archaeological assemblages more closely resemble pre-industrial populations for which 
low status has been positively associated with increased enamel hypoplasia frequencies 
(see Section 3.9.2). Therefore, individuals in phase 11 may have experienced poorer 
quality lives than those in phase I and, similarly, the comparative populations, which 
show a higher prevalence, may have been worse off than the Llandough population as a 
whole. Llandough had more grade II defects than other samples, and this may suggest 
. that when stress 
did occur it had a greater impact on health. The other populations may 
have experienced more chronic levels of stress that they had developed some tolerance 
to. 
The problem with this last point is that work is yet to demonstrate the degree to which 
defect severity is an accurate reflection of the impact an insult has on an individual's 
health (Dobney and Goodman, 1991). Most of the defects that were identified in all 
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samples were of ä slight expression and therefore it is possible that some of these 
represented more prominent perikymata and not hypoplasias. 
The fact that no significant difference was observed between the frequency of males 
with defects compared to females with defects suggests that neither sex was more or 
less predisposed to physiological disruption in childhood. However, males did have 
more hypoplastic lines and more severe defects, and this may suggest differences in the 
duration, severity and resistance to stress episodes. Studies have identified sex 
differences in high status groups and have attributed this to cultural practices in which 
preferential treatment is afforded to either sex (Palubeckaite et al. 2002). Differences in 
severity might therefore be a reflection of differences in the treatment of boys and girls 
whereby boys received a `harder time'. Or, if more lines represent the ability to recover 
from insults, it could mean that girls received a `harder time'. The latter interpretation 
sits better with the mortality data, which suggest preferential treatment of boys (see 
above). 
8.3.3 Infection 
8.3.3.1 Aetological factors 
The tendency for most of the non-specific infectious lesions to be represented by 
periostitis indicates that there was a near absence of longstanding infection at 
Llandough. This suggests three possibilities: 
1. this population may not have survived long enough for conditions to show greater 
expression on their bones, 
2. it may suggest rapid recovery from conditions, 
3. it may suggest that the conditions these lesions represent were relatively minor. 
Given the fact that the tibia and fibula are the most frequently affected bones, it may be 
suggested that point three is the most likely explanation. This is because periostitis on 
these bones is typically associated with minor trauma and varicose veins (Roberts and 
Manchester, 1995). In addition to this, no facial bones, where changes associated with 
conditions such as syphilis and leprosy are usually observed, were involved. However, 
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this does not mean that these conditions were absent. This could, in part, be a reflection 
of the fact that facial bones were very fragmentary and therefore this evidence may have 
been lost. 
Little difference in the frequency of lesions was observed between the phases 
suggesting that neither phase experienced higher or lower levels of infection. Increased 
population density and levels of poor sanitation are known to accompany increased 
infection (Larsen, 1997). Therefore, this trend may suggest that these factors did not 
have a significant impact at Llandough. This is not surprising since it is unlikely that 
settlements in Wales were densely occupied (see Appendix Two, Section 2.6); 
infectious epidemics were probably not a threat to the population. 
Perhaps of more relevance to this agrarian population were zoonoses due to close 
contact with animals. For example, a survey of sub-Roman demography in Britain 
indicates that it is more likely that famine was caused by climate and animal diseases 
than over-population (Jones, 1979). Although evidence is far from conclusive, 
differential diagnoses imply that conditions such as tuberculosis and possibly brucella 
may have existed, and may have been more of a burden to the population's health than 
those infections that are more typical of densely populated urban environments (e. g. 
syphilis). In addition, there may have been other respiratory diseases that contributed to 
the lesions observed in this population; a survey of developing modern countries 
indicates that these are a very common cause of death (Powell, 1998). Respiratory 
diseases can lead to the formation of periosteal new bone that can widely affect the 
skeleton (Resnick and Niwayama, 1995a). 
Very little secondary infection was observed in the population indicating access to 
resources and good nutrition for managing the treatment of wounds that could have led 
to infection. The cases that were identified were likely to have been caused by micro- 
organisms entering the wounds at or around the time the injuries were incurred. The 
status of these lesions may be indicative of the severity of these injuries and the relative 
health of the individuals. It suggests that those with fibrous new bone had insufficient 
immune systems with which to fight the infection, compared to those with smooth new 
bone who had a more robust immunity. Fibrous lesions were present in four individuals 
only implying, therefore, that the population had a good immunity to infection overall. 
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Although Llandough has the highest prevalence of non-specific infection and 
inflammation, the tendency for most lesions to present minor changes and mainly affect 
the tibias suggests that this was largely due to a higher burden of relatively minor focal 
conditions (e. g. mild trauma). This is supported by hierarchichal log linear analysis 
which indicates that males who led an active lifestyle were more likely to have non- 
specific infection or inflammatory changes. Evidence also suggests that there were other 
non-infectious systemic conditions, such as scurvy and neoplastic disorders, causing the 
inflammatory changes that were observed. 
Overall, it would seem that most systemic conditions in sub-adults were due to 
nutritional deficiencies, whereas in the adults the changes showed a tendency towards 
infection as the likely cause. Evidence for specific infection is inconclusive, largely 
because of preservation, but tuberculosis, brucellosis, pulmonary osteoarthropathy, 
septic arthritis and osteomyelitis are among the more likely ones. 
8.3.3.2 Methodological considerations 
Differential diagnoses (Section 7.2.5.11) have indicated that many of the inflammatory 
changes observed in this population may not have been the result of infection but other 
conditions, including nutritional deficiency and mild trauma. Although most studies 
make the distinction between periosteal lesions and true bone infection (e. g. 
osteomyelitis) the expression of periositis, its distribution, and differential diagnosis is 
often not given consideration (see Section 3.7.5.2). Yet, many researchers employ this 
lesion as a marker of non-specific stress and attempt to explore the impact of other 
conditions (e. g. enamel hypoplasia and cribra) on a given population by comparing their 
frequency with the frequency of periostitis (e. g. Goodman and Armelagos, 1984). 
In the present study, comparison between the mortality curve and infection was 
attempted but there was only a correspondence between increased deaths and increased 
infection in the 0-<2 age category. In light of the present discussion, it is suggested that 
correspondence can only be seen in this age group because it naturally shows the 
highest levels of `stress' compared to all other age groups. This, in particular, is a time 
of increased susceptibility to environmental conditions (Saunders and Iloppa, 1993; 
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Saunders and Barrans, 1999). Any other corresponding peaks in the population are 
masked by the inclusion of individuals with minor focal lesions. 
8.3.4 Statu rc 
It was anticipated that temporal changes in stature might be identified in the Llandough 
population, but no significant differences were observed between phase I and II. Neither 
were any patterns identified that would indicate a distinct group of taller individuals 
buried within the presumed monastic burial ground. Taken as a sole indicator of 
nutritional adequacy and stress, these findings may indicate that neither population was 
more or less deprived than the other. 
Despite any differences between a monastic population and a lay population and the 
historical changes that were occurring over these periods (see Section 1.6.3; Appendix 
Two), these did not seem to compromise the attainment of final achieved height. 
However, this is inconclusive because, although stature differences have been identified 
between status groups, it is possible that living conditions have to be significantly 
different between social groups to be reflected (Steckel, 1995). 
Evidence for infection, cribra orbitalia, and other such conditions indicate that all 
populations experienced some levels of stress. The fact that adult stature does not 
appear to have been greatly affected by this may suggest that stress was not severe and 
occurred over short periods of time during childhood. It may also suggest that following 
episodes of stress, adequate living conditions resumed so that the full height potential of 
each population could be reached through catch up-growth. 
Modem data indicate that Welsh populations are systematically shorter than English 
populations and it is claimed that they `.... have remained until recent years 
comparatively undiluted by the taller races... ' (Clements and Pickett, 1957: 55). 
Therefore, it is slightly surprising that this is not reflected by the findings of this study. 
This may suggest that the Llandough population was drawn from a wide geographic 
distribution supporting suggestions of migration into the population from Ireland and 
Northern Europe. Llandough shows some of the greatest variation (after Saint 
Andrew's) in heights compared to all other samples and this is more noticeable for 
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males than it is for females. The difference in average female heights and average male 
heights is also higher than other samples, except for Saint Andrew's. This could indicate 
that the males in the population were made up of immigrants and locals while the 
female population tended to be made of individuals from the local region only. 
Marked differences in height between males and females may indicate that a community 
had access to a nutritional surplus and that, given the taller statures of males, this was 
invested in their growth (Arcini, 1999: 74). Sites where there are less marked differences 
between males and females may suggest a more deprived nutritional status (ibid. ). The 
findings of this study would suggest that the Llandough and Saint Andrew's populations 
enjoyed adequate nutritional status because they showed the greatest sexual dimorphism 
in height. Cannington and Atlantic Trading Estate had slightly lower differences and 
Whithorn showed the least difference between the sexes. 
8.5 Activity Related Osseous Changes 
8.5.1 Entliesopliytes 
8.5.1.1 Aetiological factors 
The patterns identified in the present study generally contrast with those previously 
documented for later Medieval high status individuals from Wells (Rogers and 
Waldron, 2001). Although the right hand side was more frequently affected in both 
populations, the sample from Wells tended to show multiple site involvement, have 
higher scoring lesions and have accompanying osteophytosis or DISH. These contrasts, 
and the overall patterns in the Llandough population, may be explored further by 
considering the following hypotheses in which they are considered to be: 
1. The result of degnerative processes, especially activity. 
2. Associated with other conditions in which the entheses are also involved including 
seronegative arthropathies and acromegaly. 
3. Associated with the bone-forming phenomenon described by Rogers and Waldron. 
(1989b, see Section 4.3.1). 
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4. Part of the condition known as DISH and associated with metabolic disorders and 
obesity. 
The first hypothesis assumes a simple relationship between levels of activity and 
prevalence of enthesophyte formation. Involvement at relatively isolated sites and 
asymmetrical lesions might be more likely to be associated with activity than they are 
with other conditions (Capasso et al., 1998). 
Other conditions that are associated with activity were also observed among skeletons 
with enthesophyte: males, who showed the highest prevalence, also tended to show 
evidence for fractures, OA, cortical defects and Schmorl's nodes. In particular, this 
included males below 45 years suggesting that age was not the sole contributory factor. 
Therefore, this may indicate that males were more active than females. This is 
supported by the tendency for females to have more multiple site involvement 
suggesting an association with other conditions such as DISH, bone forming, and 
Reiter's syndrome, and the tendency for males to have less multiple site involvement 
indicating trauma, or repeated stress as causative factors. 
In order to support the second hypothesis, evidence in the sample that would suggest a 
diagnosis of ankylosing spondylitis, psoriatic arthropathy, Reiters syndrome, or 
acromegaly, all of which can result in ossification of the entheses, is required (Rogers 
and Waldron, 1989b; Rogers and Waldron, 1995). However, none of the specimens 
presented the characteristic patterns of pathological change that are associated with 
these. These conditions are extremely difficult to diagnose in skeletal remains and can 
only be attempted in well preserved, complete specimens (Rogers and Waldron, 1995). 
However, there were a few exceptions. The arches of at least four adjacent lower 
thoracic vertebrae of Skeleton 291 were fused and probably also the thoracic bodies: 
although none had survived, the pedicles of two adjacent vertebrae were also fused. 
These changes suggest a diagnosis of ankylosing spondylitis. However, other changes - 
e. g. sacro-iliac fusion and `bamboo spine' (Rogers and Waldron, 1995) - could not be 
investigated owing to the incompleteness of the specimen. Six skeletons had ossified 
entheses and periostitis on the shafts of the metatarsals and metacarpals. This pattern is 
seen in cases of Reiter's syndrome and psoriatic arthropathy, but in the present 
specimens no evidence for other changes that are seen in these conditions (e. g. erosive 
lesions and sacro-iliac involvement) was observed, although this could have been owing 
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to incompleteness. This evidence alone is not sufficient to reach a diagnosis for 
seronegative arthropathy. 
The third hypothesis was explored in this study by calculating the average enthesophyte 
score for each skeleton with this condition. This indicates that extremely few skeletons 
could actually be classified as a `bone former' and suggests that the enthesophytes 
observed in the population may not have been the result of this 
bone-forming 
phenomenon, at least not on the scale observed at Wells. However, this does not rule 
out the theory that some individuals exhibited a tendency to form new bone at sites of 
ligament and tendon insertions more than others (see Section 4.3.1), and does not 
necessarily support a stress or trauma related aetiology. Skeletons with no 
enthesophytes could represent individuals who lived under the same conditions as those 
with enthesophyte but, due to differences in body habitus, did not develop lesions. 
The last hypothesis is also not supported by the findings of this study because evidence 
for DISH is scarce. If DISH is considered to be a sole indicator of an above average 
diet, this marked absence in both phases may suggest that none of the Llandough 
inhabitants enjoyed a particularly `high status' diet, and that this certainly was not a 
distinguishing feature between the monastic and lay communities. 
It has been suggested that the monastic way of life may account for the marked contrast 
in the prevalence of DISH that has been observed in monastic and lay communities 
(Rogers and Waldron, 2001). The findings of this study suggest that this trend may only 
have existed among those who enjoyed the -higLi monastic way of 
life and not among 
early monastic groups such as Llandough. 
Limited understanding of enthesophytes means that these interpretations must remain 
speculative. The present study suggests that the overall trends identified in the 
Llandough population may not have been associated with bone forming, or DISH. This 
is contrary to the findings of Rogers and Waldron (2001) in skeletons of undoubted high 
socio-economic status. An association with seronegative arthropathies is possible, but 
the evidence is not overwhelming. Although activity would seem to provide the most 
adequate explanation for the patterns observed in the sample, the fact that bone forming 
and DISH were not entirely absent suggests that this would be too much of a simplistic 
argument to make. 
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8.5.2 Cortical Defects 
8.5.2.1 Prevalence 
Assuming that the presence and absence of cortical defects are related to the degree of 
muscle use, the results would suggest that males experienced greater mechanical stress 
than females. These findings also suggest that both Welsh samples experienced less 
mechanical stress than all other comparative samples and, in particular, this was most 
marked between Llandough adults and Saint Andrew's adults, Llandough females and 
Cannington females. 
Previous work has linked a high defect prevalence to high status or highly professional 
groups (Robb, 1998; Stirland, 1998, see Section 4.3.3). Therefore, the findings of the 
present study may indicate that, whether for economic or professional reasons, there 
were social distinctions between Llandough males and females, the Llandough 
population and Saint Andrew's population, and Llandough females and Cannington 
females. 
The extent to which this reflects social differences between the populations is difficult 
to determine because other environmental factors may accelerate the development of 
defects. For example, it has been suggested that cold temperatures may influence defect 
development because of a reduced blood supply to the periosteum (I lawkcy and Mcrbs, 
1995: 335). Further, sexual dimorphism in the size of muscle insertion sites is not only 
linked to task specialisation but also genetics, cultural practices and age (Wilczak, 
1998). It is also possible that, as with enthesophytes, population differences may not 
necessarily be simply the result of more or less strenuous activity because factors such 
as body habitus may influence this. 
8.5.2.2 Distribution patterns 
In theory, analysing patterns of site involvement is more informative about activity than 
analysing individual sites (sec Section 4.3.4). Differences in the overall patterns of 
cortical defects within and between skeletons may be explored to examine the 
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organisation of activity rather than specific activities and this in turn may reflect social 
variation (Robb, 1998). 
The overall distribution of defects in the Llandough sample examined by side indicates 
that the right side was involved more frequently than the left side. Right handed 
dominance may be the result of fine motor tasks, whereas symmetrical involvement and 
reduced right handed dominance may reflect mechanical stress (Merbs 1983; Stirland 
1998; Wilczak 1998). Therefore, the tendency for unilateral involvement in the 
Llandough sample may indicate that levels of mechanical stress in this population were 
not that great and that, possibly, the population was engaged in more repetitive 
unilateral activities that were performed on a regular basis. Females showed more 
symmetrical involvement in the humerus compared to males. This may indicate that, 
although not very frequent, mechanical stress accounted for most lesions in this group, 
whereas for males it was a combination of repetitive fine motor tasks and mechanical 
stress. This would suggest that gender specific activities were undertaken in this 
population. 
Although all sites were more frequently affected among males than females, this 
difference was greater for the upper limb bones than for the lower limb bones. This may 
indicate that males engaged in more physically demanding, or specialised, tasks. It is 
unlikely that this is the result of dimorphism. If this were the case, sites would be 
affected evenly, or any differences would be reflected in the weight bearing lower limbs 
more than in the upper limbs which do not bear the extra body weight that males have 
over females (Robb, 1998: 370). Variation in the frequency of affected sites was also 
greater among males than females and may be attributed to the `more varied regimes of 
habitual activities' ((bid). 
Therefore it is possible that in the Llandough sample that: 
1. differences in the distribution of cortical defects between males and females are not 
solely due to sexual dimorphism but also differences in the types and levels of 
activity that they undertook, and 
2. males may have been engaged in more varied and physically demanding habitual 
activities than females. 
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The age distribution of skeletons with defects shows an `n' shaped distribution in which 
they appear at birth and peak in young adulthood. In addition to patterns of site 
involvement among the different age groups, this pattern is probably related to 
differences in bone physiology in childhood, adulthood and maturity (Hawkey and 
Merbs, 1995; Robb, 1998). 
The distribution of defects in sub-adults does not conform to expectations; findings by 
Jit and Kaur's (1986, see Section 4.3.2) research suggested that defects involving the 
costoclavicular ligament do not occur in individuals below the age of four. Additionally, 
Robb's (1998) analysis of defect prevalence in Iron Age skeletons from Italy identified 
a peak in middle adulthood, which contrasts with the young adulthood peak in the 
Llandough sample. Robb's study was based on a small sample (N=56 skeletons) which 
may account for the discrepancy, but Jit and Kaur's study was based on a sample that 
was similar in size to Llandough, indicating that the differences were real. Perhaps 
skeletal maturity leading to increased movement of upper limbs was faster in the 
Llandough population than the North Indian sample that they examined. Factors such as 
different environmental conditions (e. g. diet, activity), health status, inheritance and 
cultural factors could all have influenced this. 
Interpretations like this are difficult to support because of a number of confounding 
factors. First, there has been no attempt in this study to control for any bias that may 
have been caused by fractures and joint disease which could result in increased stress on 
the non-pathological side (Hawkey and Merbs, 1995). The age distribution of the 
sample may have also influenced the prevalence of defects. Further, the inability to 
assign sex to the sub-adults means that it is not possible to fully understand patterns. For 
example, it has been suggested that a delay in the onset of the adolescent growth spurt 
for males may account for some of the differences in the size of muscle insertion sites 
that have been observed between young adult males and older adult males, but not 
between young adult females and older adult females (Wilczak, 1998). Adult patterns 
are perhaps more informative because they allow the exploration of the cumulative 
skeletal markers of activity (Robb, 1998). 
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8.5.3 Ostcoarthritis 
8.5.3.1 Prevalence and distribution of affected sites, and aetiological factors 
The prevalence of osteoarthritis (OA) in the Llandough population accounts for the 
majority of skeletons with pathology and most of these were in the older age categories. 
This is not surprising given that OA is the most common condition identified in both 
archaeological and modern populations and is associated with age (Rogers and 
Waldron, 1995). 
The greater number of affected male elbow and ankle joints is also consistent with 
trends that are reported in modern populations (Dieppe, 1994b). Unilateral involvement 
of the hip is also a common pattern seen clinically in young males (ibi(i) and Brandt 
(1985: 1439) has reported that 80% of unilateral hip cases are associated with congenital 
or developmental abnormalities. Skeleton 932, diagnosed with possible Perthe's 
disease, may be one such example from Llandough where OA is more likely to have 
been due to inheritance than other factors. The tendency for females over the age of 45 
to have a higher prevalence than males, and males below the age of 45 to have a higher 
prevalence than females, is also consistent with the trend that is also observed in 
modern populations (Brandt, 1985). However, in an archaeological sample this trend 
must be treated with caution because of the problems associated with ageing older 
individuals (Arcini, 1999). In the Llandough population the sex distribution of skeletons 
assigned to older age categories could easily be the result of having few surviving pubic 
symphyses (see above). 
The overall rank order prevalence of affected sites at Llandough is similar to that 
reported by Waldron (1995) for 1,453 later medieval skeletons. The overall prevalence 
for each phase at Llandough indicates that OA did not significantly increase with time, 
but the frequency with which sites were affected did. This is compatible with previous 
work which has shown that the distribution of affected sites and overall prevalence is 
highly variable between populations of different dates (Rogers and Dieppe, 1981; 
Waldron, 1995). 
In particular, phase II has less gleno-humeral, elbow, and hip OA but more knee and 
hand OA than phase I. Unfortunately, figures are too low to test the significance of 
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these differences. An increase in knee OA (although small) and a decrease in hip OA is 
consistent with previous work which has demonstrated the tendency for the prevalence 
of knee OA to surpass that of the hip over time (Rogers and Dieppe, 1994; Waldron, 
1995). The results of the present study indicate that this change in the relative frequency 
of hip and knee OA over time occurred because the frequency of hip OA decreased and 
the prevalence of knee OA increased. This is contrary to previous findings reported for 
other archaeological assemblages (Rogers and Dieppe, 1994; Waldron, 1995) 
Differences in sample sizes may be partly accountable for these discrepancies (Waldron, 
1995). More detailed analyses of the distribution of OA in the compartments of the knee 
also report mixed results (ibic) and this may indicate that the factors contributing to the 
change in hip and knee OA frequencies were considerably varied for each population. 
Trauma is the most common factor associated with knee OA and repetitive movements 
also play a contributory role (Dieppe, 1994b). In order to explore the hip/knee 
relationship further it might be instructive to explore evidence for associated trauma. 
OA affecting the upper limbs is thought to be more closely associated with hereditary 
factors than the weight bearing joints of the lower limb (Resnick and Niwayama 
1995b). Conversely, OA affecting the elbow might be more closely associated with 
activity because of the bio-mechanical properties of this joint (see Section 4.4.6). In the 
present sample it would be necessary to analyse which joints in the elbow are affected 
in order to explore this further. 
The greater prevalence of hand OA at Llandough compared to all other samples is 
striking. Previous work indicates that this cannot be simplistically linked to activity 
(Waldron and Cox, 1989), although other research on modern populations which 
considers malalignment, degenerative changes, and osteophyte formation has identified 
a positive relationship (Hadler et al., 1978). This could mean that skeletal changes alone 
are not enough to evaluate the effects of activity. 
Repetitive movements are believed to be a contributory factor in the manifestation of 
hand OA, although this may have greater influence over which joints are affected rather 
than whether the hand is affected per se. (Waldron 1995). An epidemiological study by 
Van Saase et al. (1989), on a Dutch population, indicates that the hand and shoulder are 
the most commonly affected sites in this disease. Clinical data also indicate that OA of 
the hand is very common in the distal interphalangeal joints and trapezometacarpal joint 
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(Dieppe, 1987). It shows that involvement of the hand is also linked with a clinical 
pattern of joint involvement in which there is a tendency among females to have 
polyarticular hand involvement (Cooper, 1994). Collagen gene defects, reproductive 
hormone imbalance, and autoimmunity have all been suggested to explain polyarticular 
OA (ibid. ). 
The factors that may have contributed to OA in the Llandough population may be 
explored further by considering the patterns of multiple site involvement that were 
identified. A clinical study by Cushnaghan and Dieppe (1991) of peripheral joint OA 
reported a significant tendency for multiple site involvement to be associated with older 
individuals and single site involvement to affect more young males. This is also 
reflected in the present study. The most common pattern of OA seen today, the knee and 
hand, was also present in the Llandough sample, and is associated with obesity and/or 
hypertension (Dieppe, 1994b). However, this was not the most common pattern. 
Although the prevalence and patterns of OA in the Llandough sample would seem to 
compare well with clinical findings, the findings are not altogether compatible. Modern 
data are based on very different diagnostic criteria compared to data collected from an 
archaeological sample (Rogers et al., 1990). 
Aetiology may also be explored by controlling for age and examining patterns in 
skeletons below the age of 40, assuming of course that the skeletons have been grouped 
at least in the correct age rank order. Seven (6 males and 1 female) of the skeletons in 
this category had trauma and therefore it is possible that the OA seen in these 
individuals was associated with this. One skeleton also possibly had OA associated with 
a hereditary condition. The tendency for upper and lower extremities, as well as joints 
of the upper limbs, to be affected more frequently than the weight bearing joints of the 
lower limbs, may also indicate a stronger activity component in this group. 
The influence that inheritance, activity, sex, congenital and developmental 
abnormalities and age have on the manifestation of OA have all been mentioned in this 
discussion. Differences in prevalence and distribution between the phases and samples 
would suggest that the part these played varied between populations and over time. This 
supports differences in lifestyles, but only at a very general level. It is possible that 
differences between the phases are due to the fact that the burial sample in phase 11 
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might have being drawn from a geographically wider population than phase I. Waldron 
(1995) argues that differences in the site specific prevalence of OA, over a relatively 
short period of time, may indicate that factors such as race, age and inheritance are less 
likely than changes in behaviour (e. g. diet) and activity, to have contributed to this. A 
fairly even ratio of males to females in a population would also suggest that a sex 
imbalance is unlikely to have been a predisposing factor (ibid. ). This would be a 
plausible explanation for the Llandough population too. 
8.5.4 Schmorl's Nodes 
8.5.4.1 Schmorl's nodes and activity 
Assuming a simple relationship between activity and those conditions referred to as 
`activity related', the demonstrated correlation between these and Schmorl's nodes 
suggests that their manifestation may be associated with heavy loading of the spine. It 
suggests that individuals who were more active, were more likely to have Schmorl's 
nodes. In particular, this seems to be affecting young individuals suggesting exposure to 
heavy loading from a young age. Results were not significantly altered if individuals 
had nutrition-related conditions present or absent, indicating that diet may not have been 
a predisposing factor. Therefore, malnourished individuals were just as likely to be 
affected with Schmorl's nodes as adequately nourished individuals; this may indicate 
that there was no division of labour in the population. Even if a simple relationship 
between nutrition and the conditions referred to as `nutrition related' cannot be 
accepted, these are still related to generalised `stress' and poor health. 
Lesions tended to affect the part of the spine (the thoracic vertebrae) that undergoes the 
greatest mechanical stress when loaded (Knüsel, 2000) and this supports the 
interpretation that activity played a significant role in the manifestation of this 
condition. Although old age is an aetiological factor (Stirland and Waldron, 1997) the 
findings of this study show that these lesions do not increase in frequency with age, 
indicating that other factors were also associated. 
An association with other pathological conditions that are known to predispose 
individuals to Schmorl's nodes (Resnick and Niwayama, 1978) is possible. Although 
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skeletons with Schmorl's nodes did not show any evidence for metabolic conditions, or 
neoplastic disorders, these conditions are very difficult to identify in dry bone. An 
association with trauma may be indicated by the fact that all of the skeletons with 
vertebral fractures had the condition. Although degenerative disc disease has not been 
analysed for this study, its presence was noted, suggesting that it could have been a 
predisposing factor. 
It is not surprising that males have a higher frequency than females (see Section 4.5.1). 
It is impossible to determine how much this may have been due to differences in 
activity between the sexes because, as discussed, males may be more susceptible 
because of hormone differences. Differences between the sexes in the timing of the 
maturation of the skeleton may also affect this. 
If, as analysis indicates, activity was contributing to Sclunorl's nodes at Llandough, 
comparison with other sites may suggest that these individuals were not exposed to as 
much excessive loading on the spine as their contemporaries were. The fact that Saint 
Andrew's has the highest frequency may be related to the fact that the population 
included a fighting class who may have been exposed to extreme levels of excessive 
loading, perhaps from a young age over a long period of time. However, this assumes 
that activity contributed to Schmorl's in the other samples too. Since males are more 
frequently affected than females, differences in the sex ratios between the populations 
may have also biased this observation. Other factors such as body mass, pathology and 
genetic predisposition could also have influenced these frequencies. 
8.6 Trauma 
8.6.1 Prevalence and frequency of fractures 
It is possible that the highly fragmentary nature of the Llandough sample has biased the 
frequencies that have been reported in this study. Previous researchers have not counted 
fractures in bones that are incomplete because of the biasing effects that this can have 
on frequencies, and the obvious limitations this imposes on the assessment of fracture 
type and state of healing (Lovejoy and Heiple, 1981; Roberts, 1988). Ideally this 
criterion would have been employed in the present study had it not meant that the 
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sample would be drastically- reduced. Walker (1997: 149) has devised a method to 
overcome this preservation issue, but this was not adopted in the present study. This is 
because this would not have addressed the problem of assessing healing which was 
compromised the most by preservation. The present data were also considered 
satisfactory for meeting the aims of this study, namely, to assess the main factors that 
had contributed to fractures in the population and to determine whether the population 
had access to resources for their treatment and satisfactory healing. 
The differences in the prevalence of fractures for each site may indicate that these 
populations were engaging in different activities that predisposed them to trauma. Or, 
the frequency with which they engaged in hazardous activities may have been different. 
The greater range of fractures that was seen in the Llandough sample compared to all 
comparative sites is unlikely to be a real trend and is more likely to be a result of 
sampling. Comparisons are therefore limited to differences between frequencies of 
individual elements, rather than overall patterns. 
Another factor that may have biased inter site comparisons in this study is the fact that 
only the Llandough and Atlantic Trading Estate samples were examined radiologically 
to confirm suspected fractures. This is because all other comparative samples were 
examined on location where radiography was not available. Only approximately one in 
every ten suspected fractures that were radiographed was confirmed. Therefore, this 
bias is not thought to be great. 
8.6.2 Fractures as evidence for interpersonal violence 
The evidence indicates that interpersonal violence accounted for very little of the trauma 
encountered by the Llandough population. That it did exist is suggested by the healed 
skull wounds that may have been . administered 
from the front by a right handed 
attacker. One of these also had a healed probable parry fracture, and this may or may 
not have been part of the same episode. These are the only examples of weapon related 
trauma, but other evidence is indicated by a fracture affecting the neck of the scapula 
and metacarpal fractures which are associated with violence in clinical contexts 
(Crawford Adams, 1983). Some of the ulna and radius fractures are also possibly the 
result of blows. 
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It is probable that more of the fractured elements were caused by violence in the 
population but, owing to incompleteness of elements and the absence of more 
substantial evidence (e. g. peri-mortem injury, weapon related injuries, or circumstantial 
evidence), this remains inconclusive. Radius and ulna fractures were especially difficult 
to assess because of fragmentation and missing data. Additionally, certain types of 
fracture that are accompanied by dislocation (for example, the Galeazzi and Monteggia 
fractures) are impossible to identify on dry bone (Resnick et al., 1995). This had 
significant implications for the AO classification system that was employed. Few 
studies have employed this method and, while it greatly facilitated analysis, its 
application was limited for cases (not just radii and ulnae) where it was necessary to 
know whether there was soft tissue injury and the relationship between two fractured 
adjacent bones. 
The representation of fractures resulting from direct force and hence possible violence is 
therefore difficult to estimate. The overall absence of fractures affecting sites that are 
typically involved during acts of aggression (e. g. the facial skeleton and crania) is 
marked and would suggest that very minor levels of violence were experienced. No 
skeletal evidence was observed that suggested fatal injury. This is in marked contrast to 
the Saint Andrew's sample which has evidence for peri-mortem trauma and a high 
frequency of fractures and bladed and piercing injuries involving crania, ribs and 
vertebrae. Skull fractures were also accompanied by post-cranial wounds. 
The Saint Andrew's specimens that showed evidence for trauma had calculated statures 
that were in the upper range for this population and exhibited skeletal changes that 
suggested these individuals were well nourished and healthy; these suggest they were 
from advantaged backgrounds. It is possible that these individuals represent an elite 
fighting group specially selected because of their advantaged backgrounds. There was 
nothing about the morphological appearance or health indicators on the skeletons in the 
Llandough sample that marked out such a group. 
Besides violence, underlying pathology may have caused some of the fractures; in 
modem populations the vertebral compression fractures that were observed typically 
affect the thoracicolumbar region and, in addition to direct trauma, are also associated 
with conditions such as cancer, but most commonly, osteoporosis (Pathria, 1995). 
Fractures affecting the femoral neck and intertrochanteric region of the femur, the distal 
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radius and humeral neck are also common complications of osteoporosis today (Resnick 
et al., 1995). No fractures in the region of the proximal femur were observed in the 
present sample. This may be because healing, which is problematic in this region, may 
have led to earlier deaths; the problems associated with the identification of peri- 
mortem fractures could mean that these went undetected (Brickley, 2000). In modern 
clinical contexts fractures are common among older women because of the tendency for 
this age group to develop osteoporosis. It is therefore unusual that this is not the case in 
the Llandough population. This may indicate that these individuals had more active 
lifestyles which reduced their risk of developing osteoporosis (Judd and Roberts, 
1999: 241). 
Of all the mechanisms responsible for the fractures in the Llandough sample, most were 
probably associated with indirect forces for which the most common cause is accidental 
falls (Crawford Adams, 1983). The patterns are akin to those documented for British 
rural populations for which farming activities are the most likely cause (Judd and 
Roberts, 1999). Compared to urban populations, they tend to have an overall higher 
frequency of affected individuals, and there is little discrimination between males and 
females (ibid). 
In addition to farming at Llandough, eleventh century sources and the artefacts found at 
Dinas Powys attest to a variety of specialised activities such as weaving, jewellery 
making, building, smithing, quarrying and carpentry (Alcock, 1987; Davies, 1982), all 
of which would have presented occupational hazards. The possibility that transhumance 
was practised, which may have taken people into inhospitable terrain, may also have 
increased the risk of trauma. If this was the case, the evidence does not suggest this risk 
was great. Fracture patterns at Llandough are similar to those observed among the 
skeletal series from Batn-el-Hajar and which are attributed to accidental falls on rocky 
terrain, but unlike this assemblage, they are less severe and fewer skeletons had multiple 
site involvement (Kilgore et al., 1997). 
The fact that phase I and phase II have similar fracture frequencies is not surprising 
given that the historical sources suggest monastic communities engaged in secular and 
clerical activities - for example, Davies (1982: 50) reports on an historical account of a 
monk who forged his own bell - as discussed in Chapter One and Appendix Two. 
However, the tendency for a wider distribution of elements to be involved in phase II 
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compared to phase I, may indicate that the later population engaged in more diverse 
activities. 
The different pattern of element involvement between males and females may indicate a 
division of tasks between the sexes. Patterns that affected females in the sample from 
Raunds included distal ulna and radius, and tibia (Judd and Roberts, 1999). These were 
attributed to `.... tripping, slipping or stumbling while procuring, transporting, and 
processing items such as fuel, water, milk, eggs, grains, fowl and produce. ' (1999: 240). 
Sources tell us that medieval women undertook dairying activities, and clinical sources 
indicate that injuries to the tibia are commonly incurred during milking (ibid. Although 
no tibia fractures were observed, it is interesting to note that isolated periosteal lesions 
involving tibias were frequent among females from Llandough. 
Compared to females, males had more multiple fractures, showed wider skeletal 
involvement, and tended to have a high prevalence of fractures associated with falls. In 
a rural context, it is suggested that these patterns may be associated with accidents 
involving animal powered equipment such as ox-drawn ploughs, carts, and falls from 
horses (ibid). In the Llandough sample, one fracture affected the articular portion of the 
proximal tibia. In modern populations, this type of injury is typical among pedestrians 
who are hit by the bumper of a moving vehicle (Crawford Adams, 1983). This might be 
direct evidence for accidental trauma involving a cart or plough. 
8.6.3 Fracture treatment and healing 
The assessment of healing in the sample is based on clinical observations and therefore 
has been a somewhat subjective exercise. Assuming that the application of modern 
fracture treatment gives a reasonably accurate reflection of fracture healing in early 
medieval Wales, the results would suggest that individuals did not experience 
compromised lives because of their injuries. This is because, although linear deformity, 
the most frequent complication, suggests that reduction was not practised (or that 
attempts were unsuccessful) and that victims may not have received adequate treatment 
and good nutrition to allow successful healing (Table 7.53; Appendix 11, Table 29), 
only for three did deformity fall outside the range that the clinical model says 
constitutes successful healing (Roberts, 1988; Judd and Roberts, 1996). Therefore, 
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evidence for treatment suggests that for most of the population, this was adequate. A 
few skeletons exhibited changes that suggested subsequent complication and these are 
not surprising. For example, infection in association with a clavicle fracture is very 
common given the close proximity of the clavicle to the skin's surface (Resnick et al., 
1995). Those that did show evidence for poor healing did not have any accompanying 
indicators that would suggest they were deprived individuals. 
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CHAPTER NINE 
CONCLUSIONS AND FURTHER WORK 
9.1 Addressing the Aims 
1. To explore current methodological approaches for investigating socio-economic 
status in dry bone at a macroscopic level. 
The indicators examined in this study are limited in what they can tell us about status 
because it is often impossible to determine the aetiological factors that were responsible 
and many assumptions have to be made about the appearance of a lesion (e. g. status and 
severity) that skeletal biology has not yet addressed - the tendency to generalise is a real 
danger and protocols should be employed to minimise this as much as possible. This 
study has demonstrated that careful examination of the distribution of lesion types 
within the skeleton, by age and by sex, is necessary before any conclusions can be 
drawn about a population's health and how this might have been affected by status. In 
particular, the multi-indicator approach is essential. It is only by combining biological 
variables that causative factors may be identified and socio-economic factors may be 
explored. For example, periosteal lesions may be misleading about a population's health 
unless they are considered in the context of other conditions. This is in addition to 
considering their distribution in vivo, between individuals of different ages, and between 
populations. However, care must be taken not to blur real differences when they exist 
when combining biological variables. For example, cribra orbitalia and porotic 
hyperostosis show different trends in this study and should not be combined to compare 
population frequencies. 
This study indicates that status may only be adequately explored if it is done from a bio- 
cultural perspective. Factors such as whether significant social distinctions are known to 
have existed may provide important clues about patterns identified in the skeletal 
biology. 
Status, and indeed skeletal health in general, cannot be satisfactorily explored in skeletal 
populations unless samples are of a reasonable size; when divided by age, sex, a 
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condition and element, numbers are drastically reduced. This fact has been widely 
acknowledged (e. g. Roberts, 1988). The present study is based on an assemblage that is 
larger than other contemporary samples that have been excavated to date and, therefore, 
presents great potential to yield more statistically meaningful results. However, the 
assemblage is also very fragmented and therefore it was not possible to undertake some 
analyses (e. g. growth). Where they were undertaken, the calculated frequencies may be 
biased because of this. For example, fragmented long bones were included in the 
analysis of fractures and differential diagnoses were frequently hindered by the fact that 
skeletons, although relatively complete, were fragmentary. The bias that this may have 
caused has been discussed elsewhere (see Section 8.6.1), but the main point is that large 
samples such as Llandough offer limited potential for studies of skeletal health in the 
past if they are fragmented; the potential to carry out statistical analysis may be 
increased but the validity of the data must be carefully considered in light of 
fragmentation. 
The inability to assign more accurate ages to adults poses perhaps the greatest problem 
for this type of investigation. Questions such as whether deaths in the sample could 
have arisen as the result of a catastrophe remain unanswered because if, as researchers 
have suggested, young adults are over aged, then a peak at 25-35 years would not be 
indicated at all. The inability to determine the longevity of a population also means that 
whether or not a population was ultimately successful at adapting to stress may not be 
fully explored. All non-adults are `unsexed' in the sample and this limits how 
conditions may be interpreted. For example, the preferential treatment of boys and 
differences in childhood susceptibility to disease cannot be fully explored. 
Palaeodemographic analysis has revealed many interesting patterns about social and 
economic processes that may have been in place in the Llandough population. I Iowever, 
because of bias and population instability, it has not been possible to realise the goal of 
the analysis; to determine whether the mortality patterns were characteristic of a low 
status or high status population. Therefore, unless it can be demonstrated that a 
population was stable and un-biased (which for most samples is unlikely), 
palaeodemography can only provide a nuanced reflection of status. 
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2. To explore whether there is significant variation in health status across the 
population. 
The findings of this study indicate that there were significant differences in the health 
status of males, females, individuals of different ages, and skeletons buried in the 
monastic cemetery and the communal cemetery. In particular, a greater burden of 
disease and greater health stress is indicated among sub-adult females, 
infants and 4-<6 
and 8-<10 year olds, adult males, and skeletons buried in phase II. 
3. To examine skeletal indicators of health against existing historical and 
archaeological evidence for socio-economic status. 
In Chapter One it was hypothesised that the meagreness of the archaeological record for 
the early medieval period in Wales does not reflect a poor society, but one that was 
conservative and in which Roman traditions took precedent. It was also hypothesised 
that the socio-economic structure of early monastic communities did not conform to the 
image depicted in the Saint's Lives and by archaeological evidence; in the context of the 
rest of Wales, they were wealthy institutions that permitted a healthy lifestyle and were 
composed of wives, children, and monks who performed both pastoral and clerical 
duties. 
Several factors about Llandough support these suggestions. For example, conservatism 
is indicated by continuity in burial practice and, to some extent, burial rite (e. g. hob nail 
burials). The establishment of Llandough within an existing socio-economic framework 
of prosperous Roman villa estates in a region that had close associations with the rest of 
former Roman Britain, may also indicate conservatism. The large cemetery enclosure, B 
ware and historical sources also attest to the socio-economic importance of this 
community, the success of which is indicated by its association with Dinas Powys 
which, together with the religious community, may have formed a maenor, a self 
sufficient unit that had its own administrative court, hilifort for protection and church. It 
now remains to be asked: do the skeletal indicators examined in this study reflect these 
aspects of status? 
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In order to answer this question, it is necessary to return to one of the problems that was 
introduced in Chapter One namely, the `Osteological Paradox'. This suggests that 
biologically stressed individuals may be represented by skeletons displaying no 
pathology and younger ages at death. In the Llandough sample skeletal pathology was 
generally less prevalent compared to other comparative samples and mortality peaks in 
childhood and young adulthood were more pronounced. If the osteological paradox 
applies here, this would indicate that living conditions for the population were generally 
worse. 
Limited understanding about skeletal health means that it is extremely difficult to know 
the extent to which this interpretation should be applied. Several ways of addressing this 
have been proposed (e. g. Ortner, 1991). Rega (1997) suggests that one way around this 
problem is to focus on long standing indicators. Chronic conditions and final achieved 
height may highlight groups that never recovered but were continually stressed. In the 
Llandough sample it could be argued that some of the evidence supports this; the 
absence of a correspondence between increased levels of enamel hypoplasia and 
infection may reflect individuals who never recovered from chronic conditions and, 
therefore, did not exhibit infection on their bones. If stress indicators represent recovery 
from stress, the lack of an association between short statures with these may also 
suggest continual stress. 
This argument is, however, rather tentative and, overall, evidence for longstanding 
indicators do not imply particularly high levels of health stress; very little chronic 
infection was identified and most statures are within the range observed at other sites. 
The overall prevalence of enamel hypoplasia also suggests that there were intermittent 
periods of poor health rather than chronic physiological disturbance. Additionally, 
although mortality peaks between 4 and <6 years, 8 and <10 years, and 25 and 35 years 
show no convincing association with increased levels of skeletal pathology, cultural 
factors such as apprenticeship, immigration and child-birth are argued to be catalysts for 
acute illness and death. 
Therefore, it is suggested that the overall low prevalence of pathology observed in the 
Llandough population is associated with favourable living conditions. This supports the 
argument that it is unlikely that the archaeological record reflects poverty. However, 
this does not necessarily imply conservatism. Conservatism may be indicated by 
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similarities in health between Roman and early medieval populations. A preliminary 
comparison between health indicators at Llandough and reported health indicators for 
the Roman population from Poundbury (Farwell and Molleson, 1993) suggests similar 
patterns. For example, there is also little chronic infection, a similar prevalence of cribra 
orbitalia, enamel hypoplasia also occurs between four and six years and there is a lack 
of evidence to support an association between trauma and violence. These and other 
parallels may indicate continuity in health status between periods, although this is yet to 
be tested. Conservatism in health and therefore lifestyle may be tentatively suggested. 
So far this argument has not considered the status of Llandough from a chronological 
perspective; do differences in health status between groups reflect the greater 
diversification in society, as suggested by burial practice, land holding, settlement, and 
the gradual blurring of Roman traditions? Are episodes of unrest evident throughout the 
skeletal series? Can differences be attributed to the increasing influence of the Roman 
church on wealth? 
Whatever the cultural vehicle was, be it baptism, increasing pressure from the Roman 
church, or beliefs about children, the social status of infants seems to have changed over 
the use of the cemetery; in phase I they are largely excluded and during phase II they 
are included. However, the social status of older children did not seem to change over 
time because mortality peaks between 4-<6 years and 8-<10 years with no clear 
associated pathology imply that a cultural factor - possibly apprenticeship - influenced 
these in both periods. 
Levels of cribra orbitalia, porotic hyperostosis and enamel hypoplasia are all higher in 
phase II than phase I, and these may have been associated with poorer nutrition and the 
effects of immigration. However, variation in stature in both phases suggests that 
immigration was not confined to phase II, but occurred during both phases. Levels of 
non-specific infection do not change and this could indicate that despite immigrants 
entering the population, population density was not a threat to health - it did not 
significantly increase. Little difference in workload experience is indicated, but a wider 
distribution of elements were fractured over time and this suggests that the population in 
phase II was possibly engaged in more diverse activities, and that the population in 
phase I perhaps engaged in more specialised activities. Neither phase is notable for its 
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evidence for violence - perhaps the fighting between chiefs and the Viking raids did not 
have a significant impact in Llandough (see Section 1.6.3). 
Overall, most differences between phases are reflected in the distribution of child-hood 
conditions (e. g. cribra and enamel hypoplasia) rather than adult conditions (e. g. 
infection and trauma). This suggests that the socio-economic factors contributing to this 
were ascribed at birth and not acquired through life; socio-economic status was not 
affected by what you did, but who you were, and this seems to have changed over time. 
The foregoing discussion suggests that in some instances health got worse over time, 
while in others, health was no worse, but practices were different; both trends reflect 
changes in social and economic status. Indications in phase II of a less specialised 
population, of wider geographic origin may be read as evidence for a gradual blurring of 
Roman characteristics and the increasing influence of the Roman church on burial 
practice. Suggestions of increased nutritional inadequacy may also be attributable to the 
increasing influence of the Roman church on wealth. 
It is reasonable to state then, that the socio-economic importance of Llandough is 
reflected in the health status of the population and this also reflects socio-economic 
change; this does not however tell us about the nature of socio-economic status. This is 
difficult to assess from the biological data. Some things are relatively easy to confirm - 
it is clear, for example, that the monastic community did contain wives and children - 
but evidence for socio-economic ranking is not easy to find. Differences between phase 
I and II suggest that the monastic community enjoyed a slightly more privileged 
lifestyle, but this was not of a level that is reflected at high status sites such as Wells 
cathedral. 
Other studies that have examined biological indicators in skeletons ranked by their 
grave goods have shown little correlation between linear rank and skeletal health (Robb, 
et al., 2001; Section 1.4). This may suggest that biological indicators are too general to 
reflect differences like this, or that socio-economic distinctions between individuals 
need, to be very marked. For example, enamel hypoplasia does not tend to show 
associations with status unless status differences are significant. It is also possible that, 
as mentioned in Chapter One (Section 1.6.3), even if socio-economic distinctions 
existed these were fluid; high status and low status individuals may have essentially 
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enjoyed a similar diet and workload experience, but the former group may have had 
access to luxury food items and greater quantities of food more often and engaged in 
physical activity less often. More skeletal populations of different socio-economic 
standing are required to explore these factors further. 
Skeletal biology cannot at present resolve this issue, but historical evidence may. 
Sources indicate that rank may not have been a relevant factor in the daily lives of this 
population because, as discussed ' in Chapter One, although early medieval Welsh 
society was highly stratified, this was more conceptual than materialistic. Therefore, the 
biological data analysed in this study may in fact reflect a social reality; no evidence for 
ranking was observed, but socio-economic distinctions were indicated in biological data 
for infants, males, females, 4-<6 and 8-<10 year olds. 
Therefore, it is argued that linear status was not `lived' (i. e. it did not significantly affect 
the way individuals went about their lives) but age, gender and inherited status were; 
pathological conditions showed greater variation in childhood than adulthood, infants 
seem to have received different treatment in death, boys may have been favoured over 
girls, females led more sedentary lifestyles, males were exposed to a more varied 
workload, were more mobile, and were predisposed to more infections and stressors, a 
significant change in lifestyle occurred between 4 and <6 years and 8 and <10 years and 
whether or not this is due to apprenticeship, it may reflect a significant change in the 
social role of children. Males may also have been drawn from a geographically wider 
population, as indicated by variation in stature, differences in the expression of some 
conditions and mortality patterns; the ethnic composition of the population therefore 
also had an impact on health. These findings are not surprising for a society that 
historical sources indicate regarded wealth as incidental, and inherited status as more 
important than achieved status (see Section 1.6.3; Appendix Two, Section 8). 
Other aspects of the historical and archaeological evidence would also seem to be 
reflected in the biological data. Fracture patterns are analogous to those observed in 
other rural populations and nutrition related conditions suggest that, overall, diet was 
adequate. Some differences between phase I and II may support suggestions that 
monastic communities and the secular elite may have eaten more protein. Workload 
experience also does not seem to be biased towards one particular group; clergy worked 
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the land and performed pastoral duties and this is indicated by the fact that little 
discrimination is seen in the distribution of activity related conditions. 
9.2 Further work 
This study is unique because it presents the first detailed palaeopathological and 
anthropological study of the only large skeletal assemblage from Wales. However, it 
has not been possible to examine all biological aspects of this population and how these 
may have been affected by their socio-economic standing in life. Biological data have 
great potential to contribute to present understanding of socio-economic status in the 
past, but this cannot be realised if studies rest on the analysis of a handful of indicators 
only. Therefore, further analysis of biological indicators that have not been analysed 
here is recommended. For example, it would be interesting to examine dental conditions 
because teeth are widely acknowledged for the information that they can provide about 
status with regard to diet, oral hygiene, cultural modifications and developmental 
defects (Frayer, 1984; Kelley and Larsen, 1991). Analysis of trauma could be extended 
to include conditions such as spondylolisthesis, spondylolysis, and osteochondritis 
dissecans. To date these have largely been omitted from population studies of health but 
recent work (e. g. Merbs, 1996; 2002) has indicated how they may serve as a huge 
compliment to the overall picture of trauma and activity patterns in a population. 
As well as examining new lesions, refinement in the analysis of the lesions reported in 
this study is also recommended. For example, cortical defects were not examined by 
phase. This would be prudent in order that indications that workload experience was 
greater in phase II, can be tested. Aetiological factors associated with enamel hypoplasia 
and cribra orbitalia might be explored further by employing differential diagnoses for 
inflammatory lesions. For example, the frequency of enamel hypoplasia and cribra 
orbitalia could be examined in skeletons with periosteal lesions that are indicative of 
nutritional deficiency, systemic infection, or mild focal conditions. 
Many of the differences that have been observed between Llandoubh and the 
comparative sites are difficult to interpret because it is not known what constitutes 
`normal' variation for an early medieval Welsh population. Thus, the tendency for more 
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severe enamel hypoplasia may not represent any differences in diet or lifestyle - this 
may just be a reflection of differences in the genetic composition between populations. 
Therefore, more samples are required so that a `baseline' for Wales can be established. 
It has been suggested that the conservatism hypothesis may be supported by the fact that 
continuity in health is indicated from the Roman period through to the early Medieval 
period. However, this rests on a preliminary analysis only and therefore further work 
that compares health indicators in early medieval and Roman samples is needed. Data 
for assemblages buried in the other types of cemetery that have been excavated in Wales 
are also needed; the findings of this and previous work suggest that there may have been 
child cemeteries and cemeteries for a fighting class, but to date there is no skeletal 
evidence for this. It is also suggested that given the socio-economic context of early 
medieval Wales, Llandough was an important place for its time. The biological 
variables of this population now need to be compared with those of from other Welsh 
sites in order to substantiate this. 
Macroscopic analysis has been the focus of this study but now that the anthropological 
and palaeopathological parameters of the population have been explored, isotope 
analysis would be extremely informative. For example, it would interesting to explore 
whether individuals from phase one are associated with a higher protein diet than 
individuals from phase II, and oxygen isotope analysis could be undertaken to test the 
suggestions that there may have been a Viking presence (Bell et al., 2001; Mays, 
2000c). 
It would also be useful to test the conclusions reached by this study by comparing 
Llandough with an assemblage that is associated with undoubted evidence for high 
socio-economic status. Unfortunately these assemblages are rare and ideally they need 
to represent closed groups. At present, there are no known examples that date to the 
early medieval period, although the later phases of Saint Andrew's, which are 
associated with the Gilbertine Priory, represent one such assemblage. Although 
chronology might impose some limitations, comparison with this sample would be 
interesting. 
This study has raised many questions that current evidence and knowledge cannot 
answer. In order to explore these further a program of radiocarbon dating is essential. 
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For example, it might be possible to gain a clearer understanding about infant burial 
practice if the infant burials could be tied down to a tighter time frame. Many of the 
skeletal indicators are imperfectly understood and this can only be improved by careful 
and rigorous recording of lesion types in-vivo and within populations of different dates, 
environments, and status. For example, there is very little information on post-cranial 
lesions in scurvy, and endocranial lesions are far from understood; age distributions of 
the location of inflammatory lesions may start to reveal patterns that might then be more 
accurately diagnosed. 
This investigation represents a departure from the traditional approach to exploring 
status in the past namely, it has attempted to explore status as a multifaceted concept 
rather than in terms of linear rank. It is suggested that current understanding of the 
relationship between health and status in the past may be hindered by this more 
traditional approach because it lacks a broad bio-cultural perspective and is too bound 
up in cultural symbolism - to date little association between variables in the mortuary 
treatment and biological indicators has been identified. Therefore, in order to explore 
how and what skeletal health might contribute to socio-economic reconstruction, more 
studies that explore status and health from the theoretical perspective adopted here 
would be informative. 
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